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Reduction in C3 conversion in patients with severe thermal injury was shown
to be caused by a deficiency of proteins required for alternative complement
pathway activation, rather than to an inhibitor of C3 conversion. No correla-
tion was demonstrated between this hutnoral abnormality and the occurrence,
duration, or outcome of  septicemia. Consumption of the classical complement
pathway occurred preferentially prior to and during septiceinia in thermally
injured patients. Reduction in classical pathway activity was not demonstrated
in non-septic burned patients, auggesting that this humoràl abnormality (cont’d.)
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was predictivc of septic episodes. Alternative pathway consumption occurred

• infrequently during septicemia and appeared to result from generation of C3b
via consumption of the classical pathway. Consumption of components of the
alternative and/or classical complement pathway did not decrease the opsoni.c
capacity of the patients ’ sera for their own infecting microorganisms.

Multiple abnormalities of the classical and alternative complement pathways ,
iminunoglobulins, and opsonins were shown to occur following abdominti trauma,
some of which persisted after the first week post trauma. The huxnoral
abnormalities in the trauma patients were not related to surgical procedures
or to fluid imbalances. Patients who subsequently developed microbial infec-
tions were the only patients who had decreased classical pathway activity
that appeared to result from consumption of components. Reduction in 1gM
occurring during the initial post trauma period was not found to be related
to splene~tomy.

A heterogeneity in the requirements for ininunoglobulin and the alternative
and classical complement pathways for phagocytosis and intracellular killing
of clinical isolates of E. coli, P. mirabilis, K. pneutnoniae, and S. marcescens
by human PMNs was demonstrated. Strains isolated from burned patients did not
demonstrate a unique pattern of opsonic requirements , in comparison to the
same species isolated from other sources. The primary role of imunoglobulin
in the opsonic process was shown to be for steps other than complement acti-
vat ion.

Purified lipid A and LPS were shown to activate terminal complement
components in normal human or guinea pig sera equally efficiently. Other heat-
stable components on the bacterial cell surface also appeared to be involved
in complement activation. LPS was shown to activate the alternative and
classical complement pathways, whereas lipid A activated only the classical
pathway.

Inununoglobulin as well as components of the alternative complement
pathway were shown to be required f or phagocytosis and intracellular killing
of B. fragilis and B. thetaiotaomicron by human PMNs. Neither IgG nor 1gM
acted alone to promote phagocytosis and intracellular killing of the Bac-
teroides strains by PNNs in the presence of complement. IgA did not participate
in phagocytosis and intracellular killing of the Bacteroides strains. Immuno-
globulin was not shown to be required for alternative pathway activation by
the Bacteroides strains, and therefore must be required for other steps in the
opsonic process. Encapsulated and non-encapsulated strains of Bacteroides
interacted identically with PNHS and PMNs in vitro, suggesting that capsular
polysaccharide was not a determining factor in host defense against these
microorganisms. Although the lipopolysaccharide of B. fragilis was shown
to be capable of activating the classical as well as the alternative complement
pathway, protein or some other heat-labile component on the surface of
Bacteroides appeared to be equally if not more important in initiating
complement activation.

Strains of C, albicans isolated from normal human flora were shown to
be phagocytosed and killed intracellularly by human PMN s in the presence of
pooled normal human serum, whereas strains isolated from burned patients or
medical patients were resistant to the bactericidal activity of the PMNs.
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FOREWORD

In conducting the research described in this report, the i n ve st i g a t o r s
adhered to the “Guide for Laboratory Animal Facilities and Care ,” as
promulgated by the Committee on the Guide for Laboratory Animal, Resources ,
National Academy of Sciences - Na tional Rese arch Council .
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ABSTRACT

Reduction in C3 conversion in patients with severe thermal injury
wa~; shown to be caused by a deficiency of proteins required for alternative
complement pathway activation, rather than to an inhibitor of C3 conversion.
No correlation was demonstrated between this humoral abnormality and the
occurrence, duration, or outcome of septicemia. Consumption of the classical
complement pathway occurred preferentially prior to and during septicemi a in
the rmal l y inju red patients. Reduction in classical pathway act ivit y was not
demonstrated in non-septic burned patients, suggesting that this huinoral abnor-
mality was predictive of septic episodes. Alternative pathway consumption
occurred infrequently during septicemia and appeared to result from generation
of C3b via consumption of the classical pathway. Consumption of components
of the alternative and/or classical complement pathway did not decrease the
opsonic capacity of the patients ’ sera for their own infecting microorganisms.

Multiple abnormalities of the classical and alternative complement
pathways, inmunoglobulins, and opsonins were shown to occur following
abdominal trauma, some of which persisted after the first week post trauma.
The humoral abnormalities in the trauma patients were not related to surgical
procedures or to fluid imbalances. Patients who subsequently developed
microbial infections were the only patients who had decreased classical
pathway activity that appeared to result from consumption of components.~~,,
Reduction in 1gM occurring during the initial post trauma period was not found
to be related to splenectomy.

A heterogeneity in the requirements for inznunoglobulin and the alternative
and classical complement pathways for phagocytosis and intracellular killing
of clinical isolates of E. coli, P. inirabilis, K. pneuinoniae, and S. marcescens
by human PMNs was demonstrated. Strains isolated from burned patients did not
demonstrate a unique pattern of opsonic requirements, in comparison to the
same species isolated from other sources. The primary role of ininunoglobulin
in the opsonic process was shown to be for steps other then complement acti-
vat ion.

Purified lipid A and LPS were shown to activate terminal complement
components in normal human or guinea pig sera equally efficiently. Other heat-
stable components on the bacterial cell surface also appeared to be involved
in complement activation. LPS was shown to activate the alternative and
classical complement pathways, whereas lipid A activated only the classical
pathway.

lnrnunoglobulin as well as components of the alternative complement
pathway were shown to be required for phagocytosis and intracellular killing
of B. fragilis and B. thetaiotaomicron by human PMN s. Neither IgG nor 1gM acted
alone to promote phagocytosis and intracellular killing of the Bacteroides
strains by PMNs in the presence of comp lement. IgA did not participate in
phagocytosis and intracellular killing of the Bacteroides strains. tninuno-
g lobulin was not shown to be required for alternative pathway activation by the
Bacte roides st r ai ns, and therefore must be required for other steps in the
opsonic process. Encapsulated and non-encapsulated strains of Bacteroides
interacted identically with PNH S and PMNs in vitro, suggesting that capsular
polysaccharide was not a determining factor in host defense against these
microorgani..ms. Although the Iipopolysaccharide of B, fragilis was shown
to be capable of activating the classical as well as the alternative comp lement
pathway, protein or some other heat-labile component on the surface of
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Bactcroides appeared to be equally if not more important in initiating
complement activation.

Strains of C ,, albicans isolated from normal human flora were shown to
be phagocytosed and killed intracellularly by human PMNs in the presence of
pooled normal human serum, whereas strains isolated from burned patients or
medical patients were resistant to the bactericidal activity of the PNNs.

t

V

- ~-- -- -• -__



Table of C o n t e n t s

I . Introduction 1 4

11 . Background

A. Changes in humoral componen t s  of host defense in
p a t i e n t s  ~ol1owing  b u r n  In j u r y

I. Studies to determine the association between 2
changes In serum factors and septicemla in
burned  p a t i e n t s

$ ~~. Studies to determine the mechanism of reduction 4
in C3 conversion via the alternative pathway in
bu rned patients

B. Changes in humoral components of host defense in 5
patients with non—burn trauma and in sept ic  p a t i e n t s
without trauma

C. Normal human serum opsonins for opportunist micro-
organisms

1. Studies to determine the mechanisms of complement 8
activation and the role of immunoglobulin in
opsonization of E. coIl 075 and other aerobic
opportunist microorganisms

2. Studies to determine the requirement for immuno— 10
globulin and complement in opsonization of B.
I ragilis and B. thetaiotaomicron

Ill . Experimental Approach 12

IV. Progress Report

A. Changes in humoral components of host defense in
patients following burn i n j ur y

1. Studies to determine the mechanism of reduction 17
in C3 conversion in burned patients

2. Studies to determine the association between 60
septit emia and changes in complement and opso—
nins in burned patients

B. Occurrence and duration of changes in humoral 59
components of host defense in patients with abdominal
t r auma and in surgical patients without trauma

vi

• • — — --



C. Normal  human serum opsonins fo r  o p p o r t u n i s t
mic roo rgan i sms

I . S t u d ie s  1~ d e t e rm i n e  t h e  requirements for 70
im inumo glohu l in  and the a l t e r n a t i v e  and
classical comp lement pa thways  fo r  opson i za—
t ion  of g r a m — n e g a t i v e  ae robic  mic roo rgan i sms

2. S tudies  to de te rmine  the requi rement  f o r  90
immunoglobu l in  f o r  a c t i v a t i o n  of the
a l t e r n a t i v e  complement pa thway by gram—
nega tive  aerobic microorganisms

1. Studies to determine the mechanisms of con— 96
piement activated by lipopolysaccharide and
l i p i d  A prepared f r o m  g ram—nega t ive  aerobic
b a c i l l i

4. In vivo interaction of human polymorphonuclear 101
leukocy tes and ser um with strains of Cand ida
albicans

5. In vitro interaction of huma n polymorphonuclear 108
leukocytes , complement , and inununoglobulins
wi th stra ins o f Bactero ides

V. Conclusions 126

VI . Literature Cited 128

vii



Index of Figures

Figure 1. Relationship between inununochemical levels o~ CIb 20
inactivator (C3b INA) and C3 conversion by inulin in
multip le sera ob tained f rom eigh t burned pat i en ts

Figure 2. Rc~ a 1ion sh i p between issnunochemical levels of (~l11 and 21
C3 conversion by in u l in  in mu l t i p le sera ob ta in ed [rots
eight burned patients

Fi gure 3. C3 conversion by inulin in PNHS supp lemented with 22
unfractionated burn sera and the eug lobulin or pseudo-
globul in frac t ions of pooled sera from Patients 5, 6,
and 8

Figure 4. Conversion of C3 by inulin in sera obtained from nine 24
non-septic burned pa tients during 62 days postburn

Figure  5. Conversion of C3 by inul in in ser a obtained f r om 25
seven septic burned patients during 58 days postburn

Figure 6. Tempora l seq uence of C3 conversion by inu lin and C3 26
concentration in the sera of six non-septic burned
patients, and the inhibi tory ac tivi ty of mu ltip le
sera from each pa t ient

Fig ure 7. Temporal sequence of C3 conversion by inul i n and C3 27
concentration in the sera of five septic burned
pa tients, and the inhibitory activity of multiple scra
from each pa t ient

Fig ure 8. C3 conversion by inulin in scro from Patient 13 28
supplemented with untreated PNHS ( . - - -.)  or ~PNHS
(56°C , 30 minutes) (.—.)

Figure 9. Relationship between concentrations of C3 and CS in 31
sera from Patients 13 to 16 measured by irmnunochemical
and hemolytic methods

Figure 10. Rela t ionshi p between C3 conversion by in u l in in sera 32
from Patients 13 to 16 utilizing the B antigen of C3
reduction and hemolytic assays

Fi gure 11 . Rela t ion sh i p between C3 conversion by inu lin and C3 33
conversion by CoVF in gem from Patients 13 to 16

Fi gure 12. RelatIonship between C3 and CS conversion by inulin 34
in ser a f r om Patients 13 to 16

Figu re L3 . Rela t ionshi p between C3 and CS conversion by inulin in 35
untreated sera f rom Patients 13 to 16 and in the same
sera treated with  EGTA and supp lemented with MgC 12
(MgE GTA).

viii
• — •



Fi gure 14. Inununochemical levels and functional activitie s of 44
components of the  c l a s s i c a l  comp lement pa thway in the
sera of four non-septic burned patients during 50 days
postburn

Figur e 15. Inununochemical and hemol y t ic measuremen ts of C3 and CS 45
in the sera of four  non-septic  burned p a t ie n t s  during
50 days postburn

Figure 16. Inmiunochemical levels of factor $3, propcrd in , and C3b 47
inac t iva tor  (C3b INA) in the sera of four non-septic
burned p at i e n t s  during 50 days  postburn

Figure 17. Functional activity of the alternative comp lement 48
pathway in the sera of four non-septic burned patients
dur ing 50 days postbumn

Figure 18. Immunochemical and functional activities of the 49
classical comp lement pathway in the sera of seven
septic burned patients during 50 days postburn

Figure 19. Irmnunochemical levels of factor B, pr operdin , and C3b 51
inactivator (C3b INA) in the sera of seven septic
burned patients during 50 days pos tburn

Figure 20. Functional activity of the alternative complement 52
pathway in the sera of seven septic burned patients
during 50 days postburn

Figure 21. Serum opsonizing activity for the microorganisms 54
causing septicemia in the seven burned patients during
50 days postburn

Fi gure 22. Temporal sequence of the administration of blood 55
products to the seven septic burned pa tients

Figure 23. Temporal sequence of the administration of blood 56
products to the four non- 3cptic burned patients

Figure 24. Opsonic activity for E. coil. 075 , P. aeruginosa 73044, 62
and S. au reus 502A in the sera of ten pat ients  with
abdom ina l tr auma

Figure 25. Imunochemical levels and functional activities of 64
components of the classical complement pathway in the
sera of seven patients with abdominal trauma during 26
days pos t trauma

Figure 26. Ininunochemical levels and functional activities of 66
components of the alternative complement pathway in the
sera of seven patients with abdominal trauma during 26
days post trauma

ix

• - -- ~~~~~ •- -•-- --- •

-4



Figure 27. Immunochemical levels of TgC, IgA , and I gfrl hi the 67
sera of seven patients with abdominal trauma during
26 days post trauma

Figure 28. Opsonic activity for .E. .c.QJJ, 075 , ~~ aeruginosa 73044 68
and ~~. aureus 502A in the sera of seven patients with
abdominal trauma during 26 days post trauma

Figure 29. Comparisons of the opsonic ar~tivities of normal human 73
sera and sera depleted of ininunogiobulin and/or classi-

• cal pathway activity for ~~. ~~~~ (A)

Figure 30. Comparisons of the opsonic activities of normal human 74
a sera and sera depleted of ininunoglobulin and/or
4 classical pathway activity for E. coil (F)

Figure 31. Comparisons of the opsonic activities of normal human 75
serum and sera depleted of ininunoglobulin and/or
classical pathway activity for E. coil (P)

Figure 32. Comparisons of the opsonic activities of normal human 76
serum and sera depleted of iirs’nunoglobuiin and/or
classical pathway activity f or E. coil (H)

Figure 33. Comparisons of the opsonic activities of normal human 77
sera and sera depleted of inununoglobulin and/or
classical pathway activity for P. mirabilis (H)

Figure 34. Comparisons of the opsonic activities of normal human 79
sera and sera depleted of inununoglobulin and/or
classical pathway activity f or P. mirabilis (A)

Figure 35. Comparisons of the opsonic activities of norma l human 80
sera and sera depleted of ininunog lobulin and/or classical
pathway act ivi ty  for P. mirabilis (C)

Figure 36. Comparisons of the opsonic activities of normal human 81
• sera and sera depleted of inununogiobulin and/or
• classical pathway activity for K. pneuinoniae (Wo)

Figure 37. Comparisons of the opsonic activities of normal human 82
• sera and sera depleted of inununoglobulin and/or

classical pathway activity for K. Q~~tunoniae (W)

Figure 38. Opsonic activ i ty  of increasing concent r ations of 83
pooled norma l human serum for K. pneumoniae (B)

Figure 39. Opsonic activity of increasing concentrations of 84
pooled normal human serum for K. pneuntoniae (H)

Figure 40. Comparisons of the opsonic activities of normal 85
human sera and sera depleted of ininunoglobulin and/or
classical pathway activity for S. marcescens (W)

x

---
~~~~~~

••• • •-—
~~~~~~~~~~~~~~~~~~~~~~~

- - ••



Figure 41. Comparisons of the opsonic activities of normal 86
human serum and sera depleted of inununoglobulin and/or
c lassical pathway activity for S. marcescens (S)

Figure 42. Interaction of pooled norma l human serum (PNHS) and PMN s 103
with st rains of C. alb icans isolated directl y f rom
burned pat ients

Figure 43. In te raction of pooled norma l human serum (PNHS ) and 104
PNN s with strains of C. albicans isolated from burned
patients and repeatedly subcu ltured

Figure 44. Interaction of pooled normal human serum (PNHS) and 105
PMNs with strains of C. albicans isol ated f rom medica l
patients

Figure 45. Interaction of pooled normal human serum (PNHS) and 106
PMN s with st r a ins of C. albican s obtained from the
A m er ican Type Cu lture Collect ion

Figure 46. Dose dependent restoration of the opsonic activit y 109
of pooled normal human serum heated at 50°C for 30
minutes (t~PNHS (50°C , 30 mm . ) )  by pur if ied human
factor B for the Bacteroides strains

Figure 47. Opsonic act iv ity of hypoganunag lobulinemic serum (HS ) 111
supp lemented with increasing concentrations of
purif ied human IgC for the Bacteroides strains

Figure 48. Opsonic activity of hypogammaglobulinemic serum (HS) 112
supphnuented with increasing concentrations of pu r if ied
human 1gM for the Bacteroides strains

Figure 49. Opsonic activity of IgA deficient human serum (IgAdHS) 113
b r  the Bacteroides strains

Figure 50. Elect r on micr ogr aph of B. fragilis 1365 stained with 114
ruthenium red for visualization of polysaccharide
capsule (X 130,000)

Figu re 51 . Elect ron micrograph of B. thetaiotaomicron 1343 115
stained with ruthei.~aau red for visualization of po ly-
saccharide capsule (X 130,000)

Fi gure 52. In vitro interaction of human polymorphonuc lear 117
leukocytes (P?’114s) and pooled normal human serum (PNHS)
with clinical isolates of B. fragilis obtained from
the Surgical Bacteriology Laboratory (SRU) and the
American Type Culture Collection (ATCC)

xi



Figu re 53 . In v it ro interaction of human po lymorphonuclear 118
leukocytes (P1411s) and poo led normal human serum
(PNHS) w ith isolates of B . thetaiotaoniicron obtained
from the Su rgica l Bacte r io logy Laboratory (SRU) and
the American Type Culture Collection (ATCC).

Figure 54 . j j~ vitro interaction of human pol ymorphonuclear 119
leukocytes ( PMNs) and pooled normal human serum
(PNHS) with fecal isolates of B. distasonis and
B. vulgatus obtained from the American Type Culture
Collection (ATCC).

xii 

---• - _ _ _

~~~~~~

--

~~~~

---



Index of Tables

Page

Table 1. Clinical characteristics of patients with burn injury 19

Table 2. Restoration of the C3 converting activity of sera from 30
Patient 13 with fractions of PNH S prepared by molecular
sieve chromatography

Table 3. Hemolytic radial ininunodiffusion of the total alternative 37
pathway in ten normal sera

Table 4 . Hemol yt ic  r adial imunod i f f u sion of the functional 38
activity of factor B

Table S. Hemolytic radial inununodiffusion of the functional 39
activity of factor D

Table 6. Clinical characteristics of the septic burned patients 42

Table 7. Clinical characteristics of the non-septic burned 43
patients

Table 8. Immunochemical and functional activities of components 61
of the alternative and classical complement pathways,
mnununoglobulin levels, and opsonization in the sera of
ten patients with abdominal trauma

Table 9. Clinical characteristics of the patients with abdominal 63
trauma

Table 10. Levels and activities of the alternative and classical 71
complement pathways in hypoganunag lobulinemic serum
further depleted of IgG by inmiunoadsorption

Table Il. Summary of the requirements for inununoglobulin and the 88
alternative and classical complement pathways for phago-
cytosis of clin ical isolates of E . 22J4~ P. mi r abi lis ,
K. pneumoniae , and S. marcescens

Table 12. C3 conversion by heat-killed gram-negative bacteria in 91
pooled normal human serum ( PNHS), hypoganunag lobu linemic
ser um (HS),  and HS further depleted of IgC by inununo-
adsorption (US-A)

Table 13. C3 to C9 consumption by heat-killed grain-negative 92
bacteria in pooled normal human serum ( PNHS) , hypoganima-
globulinemic serum (US) ,  and HS further dep leted of IgG
by ininu noadsorption (US-A)

Table 14. C3 conversion by heat-killed gram-negative bacteria in 93
sera dep leted of classica l pathway activity and/or
inununog lobu tin

xiii

• . •  • .  —~ •—— -—



Table 15. C3 to C9 consumption b y heat- k i l led  gram-negative bacteria 95
in scra dep leted of c lass ical  pathway a c t i v i t y  and/or
inununog lobulin

Table 16. Consumption of C3 to C9 by heat-kil led bacteria , lipo- 98
po lysacchar ide (LPS) and lipid A in p~~~5a and MgEGTA-

Table 17. Consumption of C3 to C9 by heat-killed bacteria, lipo- 99
polysaccharide (LPS) and lipid A in NGPS and C~dGPS

Table 18. Conversion of C3 by heat-killed washed cells or untreated 120
washed cells of B. fragilis and B. thetaiotaomicron
in human sera depleted of the classical complement
pathway and/or immunoglobulin

Table 19. Consumption of C3 to C9 by untreated washed cells of 122
B. fragil is  and B. thetaiotaomicron in human sera
dep leted of the classical comp lement pathway and/or
inuiiunog lobu I in

Table 20. C3 to C9 consumption by lipopolysaccharide (LPS) 123
prepared from B. fragilis 1365 in PNHS and MgECTA-PNHS

xiv

.- • •

_____________________  _ _ _ _ _ _ _ _  -



I . INTRODUCTION

A primary cause of morbidity and mortality in military personne l
who have sustained burns, gunshot and hig h exp losive wounds, or crush
injuries  is mic rob ia l  i n f e c t i o n  (1 , 2) .  The widespread prop h y l a c t i c
use of an tibiotics has not onl y failed to decrease the incidence ob
infec tion , particularly in the burned patient , but has also (oflirlbuted
to the complexity of the problem throug h the development of infection~:
caused by antibiotic resis tant  microorganisms . In our med ica l  center ,
Pseudomonas aeruginosa, Proteus, Escherichia coli , Staphylococcus au rcus ,
and Candida albicans are the microorganisms which are most frequentl y
associated with septic comp lications in the therma l ly  injured patient ,
and Bacteroides fragilis has assumed a major role in the etiology
of peritonitis caused by penetrating abdominal injury. The increased
incidence of recovery of penicillin resistant and more recently,
clindamycin res i s tan t  strains of B. f r agil i s  (3) suggests that these
mic roorganisms may become one of the major infec t ious  problems of the
future.

Management of surg ical infect ions  has c l a s s i c a l ly involved an t ib io t ic
ther apy and the meticulous care of the surgical wound. However, in
addition to these therapeutic modalities, attei~tion has recently been
focused upon defining abnormalities of host defense mechanisms which
may predispose the injured patient to microbial infection. Studies
of alterations of host defense mechanisms in surgical patients have
predominantly been carried out in patients with severe thermal injury.
The data obtained from these investigations have provided evidence to
suggest that neutrophil anti-staphylococcal activity (4), phagocytic
function of the reticuloendothelial system (5), cell-mediated immunity
(6), serum opsonins (7-9), levels of imunoglobulins (10-14), and
classical (9,15) and alternative (8,9) complement components are
reduced following burn trauma.

The investigation described in this report was undertaken to
determine the cause and significance of the various alterations of
complement in burned patients. In addition, studies were initiated
to determine the occurrence, duration , and significance of the humoral
abnormalities in patients with non-burn trauma which we have recently
documented. Experiments were also conducted to provide basic infor-
mation to increase our understanding of the huuioral host defense
mechanisms which are operative against the opportunist microorganisms
which cause serious infections in injured patients.



11 . BACKGROUND

A . Changu. .~ in llumor .il Components of host f)elerise in  P a t i e n t s
Fo1l ow i n ~ Burn Injury

1 . Studic~ to determine the a s s o c iat i o n  bvtwee~ chafl)~es i i i
serum factors and septicemia in burned patients

In our previous s tudies , reduction in the inununochemical
levels and funct iona l act ivi t ies of components of the c l a ssi c a l  and
a l t e rnative comp lement pathways was associated wit h  septicemia in two
burned patients (9). Reduction in the classical complement pathway
occurred during the f i r s t  10 days postburn in an infant who developed
septicemia with S. aureus on the third postburn day which persisted
through the s ix th  day. Reduction in both the c lassical  and a l ternat ive
comp lement pathways was also observed in a 39 year old female who had
mul t i p le ep isodes of Pseudoinonas septicemia and candidemia during her
clinical course and who died of septic shock. The investigation to
be described was undertaken to determine if these preliminary data
could be substantiated and to determine if complement consumption
reduced the opsonic capacity of the patient ’s serum for his own infec-
ting microorganism (16).

Fifteen patients with severe thermal injury were followed for up
to 9 weeks pos tburn . Patients who appeared to be at the greatest
possible r isk of in fec t ion  because of burn size or age or both were
se lected for the study. Serum samples were obtained from the patients
as soon a f t e r  the i n j u r y  as possible and then at weekl y in terva ls.
In those pat ients  who developed septicemia , serum samp les were also
obtained two addit iona l times per week unt i l  blood cul tures became
negative. Blood cu l tu res  were drawn on al l  pat ients  at least one
time per week by our staff and additional blood cultures were drawn
at the discretion of the attending physicians. This procedure was
adopted for the purpose of documenting r.egative as well as positive
cu l tu res  obtained on the patients. Septlcemia was documented by
cl inical  f indings and positive blood cul tures .  The clinical criteria
used for the diagnosis of septicemia were (a) chills and fever, (b)
tachycardia, (c) hypotension, and (d) disorientation.

Five of the fifteen patients had one or more positive blood
cultures and clinical signs of septicemia during their clinical course.
The data indicated that consumption of the classical complement
pathway was associated with and was probabl y caused by septicemia
in the thermally injured patients. In three of five septic burned
patients, decrease in the functional activity and inmiunochemical
levels of components of the classical complement pathway occurred
prior to and during septic episodes. Both of the other two patients
also had decreased classical pathway activity prior to the development
of septicemia . In one of the patients, classical pathway activity
was decreased during the first septic episode, but not during
the second episode. In the other patient, classical pathway activity
was decreased during the second septic period but not for the duration
of the first episode. The results obtained in the patients can prob-
abl y be at least par t ia l ly at t r ibuted to the administration of
blood products. The later patient received whole blood and
single donor p lasma dur ing the f i r st but not the second septic epi-
sode. The other patient whose classical pathway activity was reduced
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during the first but not the second s e p t i c  ep isode , received
equivalent amounts of single donor plasma per day during t h e two
time intervals but twice the amount of whole blood per day dur ing
the second septic episode.

One of the patients in our study, who was bacteremic , served
as an excellent control for determining the relationship between
changes In complement and septicemia. No changes in the classical
or alternative complement pathways occurred prior to or on the day
that this patient ’s blood culture was positive and no c l in ical
signs of septicemia were documented. An early reduction in
classical pathway activity was demonstrated in all of the septic
patients during the initial postburn period, suggesting that this
humoral abnormality may be predictive of a septic ep isode and may
possible predispose the patient to infec tion. Our results tend
to rule out the poss ib i l i ty  that the in i t i a l  reduction in cl assical
pathway activation occurring dur ing the first week postburn resulted
from infection, since blood cultures were consistently negative
in all but one of the pat ients  during th i s  time .

The cl assical pathway appeared to be activated p r e f e r e n t i a l l y
in the burned patients during septic episodes. Al though C3 conversion
by inulin was of ten redu ced during septic ep isodes , levels of factor
B were generally normal or elevated, Since it is well known that
factor B is consumed during alternative pathway activation, the results
suggested that C3 conversion via the alternative pathway was reduced
in the burned patients due to inhibition rather than to activation
and thus consumption of alternative pathway components. Inhibition
of alternative pathway activation or blocking of activation due to
a deficiency of an alternative pathway component would provide an
explanation for the observed preferential activation of the classical
pathway. Further studies regarding evidence for presence of a
circulating inhibitor of C3 conversion via the alternative pathway in
burned patients Is presented in the next section of this report .
This topic is also discussed in section Cl of this report dealing
with preferential utilization of the classical pathway in burn sera
during opsonization of E. coli 075.

In only one patient did consumption of components of the
classical complement pathway occurring during septicemia decrease the
opsonic capacity of the patient ’s sera for her own infecting microor-
ganism , an isolate of E. coil; sera from the same patient which could
not opsonize E. coil, opsonized her infecting strain of S. aureus
normal1y~ The mic roor ganisms wh ich were isolated from the other septic
burned patients and used to test the opsonic capacity of the patients ’
sera we re also , w i th  one exception , st rains of Staphylococci. Since
there is evidence that S. aureus can be opsonized by normal IgC in
the absence of comp lement (17 , 18), the lack of demonstration of reduc-
tion in the opsonic capacity of the patients ’ sera for their infecting
st rains of Staphylococci might be related to the lack of requirement
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for com p le m ent  f o r  op :a~n i z : t 1 i o n  of iI~ t r;iin .. I I w i l l  In very
inmport :int in future :~tudie:; to c li lermine i b r g du c l  ion  i n  I r s
opsonic activity occurs for c~ tt;,in haci eri g and not fu r  o ther :,  a:
was observed in t h i s  group of s ep t ic  p a t i e n t : .

It should be emphasi zed t h a t  time F. 1 0 1  i i : , n l at c  ~:. w l I a: ;  t i n
s tr;i ins of Staphmy lococci and . I aeca 1 is i so I .i1 d I ran tin’ burned
patients were not susceptible to direct lysi:; by pooled norma l serum
in the absence of leukocytes or to  p hagocy tos i : ;  and i n t r ;j c e l l u l ; m r
k i l l ing  b y normal leukocytes  in the absence of :a runl. In a d d i t i on ,
the  c o n c e n t r a t i o n  of serum and i n c u b a t i o n  pc ’ri od :; ii~~~d i n  t i n  op :;on i C
a s s a y s  were s p e c i f i c  fo r  each i n f e c t in g  mi croor g an i : ;i i~. Concent r . t i an:,
of t h e  pat ients ’ sera were based on the minimal  amount of pooled norma l
human serum w h i c h  wa s found to promote maxima l i n t r a ce l  lu l : ir  k i l l i n g
( > f  t h e microorganism by normal leukocytes during the shortest incubation
period .

Another  i n t e r e s t i ng  observation whic h  was der ived f r o m  t h j i: ; stud y
was that strains of C. a lbicans isola ted from the burned pati ’nt s were
not phagocy tosed and ki l led in tr ac e l l ul arl y by normal Icukocyt es in the
presence of five to ten times the concentration (>1 norma l human :;I rum
required  f o r  phagocytosis  of other microorganism:; . F u r t h er  st u d i : w i l l
be i n i t i a t ed  to determine if the C, albicans s t r a i n s  isolated fr o m  the
burned patients are more resistant to opsonization by norma l serum t h a n
strains of C. alb icans  i so la ted  fr o m  other  source:;  and to d e t e r m i ne  the
human serum proteins required for opsonization of the C. albicans
S I r a in s .

Data from the burned patients who did not develop septicemia was
groupe(l accord ing  to burn size to enable  comparisons Lo he made between
the present  stud y group and previously studied patients (9). Th~ only
difference which was observed in the data  f rom t i m e groups  of burned
p a t i e n t s  in this stud y and our pr ev iously studied groups of patien ts with
s imi la r  burn sizes was in the r e s u l t s  of the analyses  of C’3 conversion
h)y i nul i n  in p at i en t s  wi th  the larges t  burn  sizes . In the present  stud y,
C3 conversion by inulin was marked l y reduced i n i t i a l l y  and remained
reduced for  the dura t ion  of the  s tudy .  In the previous s t u d y ,  C3
conversion was not reduc~nI until after the first ten days postburn .
h owever, i n our orig inal work demonstrating reduction In C3 conversion
in the scr;I of patients with severe therma l injury, C3 conversion in
the scra of some of t h e  patients was reduced during the  initial ten
day postburn period and in others it was not (8). The d i sc repancy  in
the C3 conversion results remains to he exp lained , however it doc~ not
appear to  be rt’Iated to burn s ize .

2. Studies to determine the mechanism of reduct ion in C3
conversion via the alternative pathway in burned patients

Our previous studies showed that conversion of C3 by
inuhin in :a’r;I from severely burned patients was reduced a f t e r  the f i rs t
JO days postburn and was normalized by the seventh week (8,9). The
occurrence and dura t ion  of the reduction in (3 conversion were found to
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he di rec t ly related to tim e Seve rity of I lu bar ; Lu b r!. K e d I i (  tio n

in the C!  c o n v e r t i n g  ;m ct j vity of tin burn st’r., could n ut  be full y
restored to norma l b y a d d i t i o n  of 507, po o led normal  i m u n m a n  ser u m , provi ding

pr& I im~ n;iry evidence that tbii: ; comp itment ibn o rmnilit y was caused b y an

i n h i b i tor . An i nves t iga t i on  was t h e re f o re  undertak’’; t o  teSt  d i  r~ ct ly

the hypot hmes is that r educt  i Of l  in C3 c o nv er : ,  ion b y jim i in in ‘ b e -  b u r n

serri  was caus”d by a circulating inhibitor .

Tin ’ d at a  d i d  not exc lude  t im e p o : s i h i  l i l y  thai reduction in ‘~3
conversion by i nu I in in the burn :(‘ra was c lus (’d by a de li e icri cy o
c rit i c ; , !  norma l st rum prote ins requi red  fa r  ( 3  cunver:;ion . However ,
t h ey  p r ov ided  p r e l i m i na r y  suppor t  f o r  t i m e  concept t h a t  t i m t : ;  comnn iement
abnormality was caused by arm elevation of a norma l regulatory protein.
Time serum protein was present in the cug lobulin fraction and appeared
to be present in greater concentration in burn s’ ra than in normal sera.

The r e g u l a t o r y  prote in  is p r o b a b l y  not C3b i nac t i vato r  (C ’!h 1N;\ j
which  inactivates C3b thereby inhibiting tim e amp lifica tion loop of the
alternative pathway f ormed by the C3 convc’rtases, C3b ,B or C3h ,I3,P (19-21 ).
Qui te  r e c e n t l y  a new regulatory protein , f~lil , ha:-; bea n discovere l (22 , 23).

~[U potentiates tin’ inactivation of C3b by C3h IN A and , in addition , directly

i n h i b i t s  C3b and the a c t i v i t y  of the alternative pathway convertrmse: ;
C3h , B and C3b , B , P (24) ,  The p ro te in  ha~ been isolated from norma l human
p lasma and ,shown to be an asyii~~e t r i c  molecu le  with a molecular weight
of 300,000 d a l tons . The protein is a euglobulirm wim ich i is distinct from
C3b IN A . Our future studies will he directed toward determining if
r educ t ion  in C3 conversion in burn  sera is caused by an elevation of

I~ I hI  or ;,mi ot lm ,’r as yet undescr ibe d r e g u l a t o r y  p ro te in  of the ;ilternai ive
p athway  or by a d e f i c i e n c y of a p r o t e i n  or p r o t e i n s  r equ i r ed  for  a l ter-
native pathway activation .

B. Chanj~es in flumoral Components of Host Defense in Patients with
Non-Burn  Trauma and in Septic Patients without Trauma

In our previous s t ud i e s  (8 , 9 ) ,  and in the  s tud ies  c i t ed  in
:;c’ctlon A of this report , patients with burn injury were’ found I have
multip le alteration :; of complement and irmnunog lobulins . Some of the
hiumor a l  a l t e r a tio n s  were demonstrated in the burned patients during
sept ic  ep isodes , whereas o ther  a l t e r a t i ons  were c lear l y u n a sso c i at e d
w i t h  sys temic  bac te r i a l  or funga l  i n f e c t i o n .  An i nves t iga t ion  was
undertaken to determine if the changes in complement componc’,ts and
inununuglohulins which were demonstrated in septic and non-septic burned
patients were unique to patients with burn injury or were also observed
in p at i en t s  w i t h i  non-burn  t rauma or in se p t i c  p a t i e n t s  w i t h o u t  t rauma .
It Wa: ; hoped tl, m t the information obtained from time investigation would
lie [p to g ’st  ;ibl i shm the e t i o logy  of the humora l  a l ter a t i o n s  in t im e burned
p. ’t  louis and t o  provide  new in fo rma t ion  rega rd ing  the integrity of host
defenses in p a t i e n t s  w i t h  non-burn  t r a u m a .

A h n c , r m ;m l i t i e s  of both , the c l a s s i c a l  and alternative comp lement
pa thways  were found to occur in inediate ly  f o l l o w i n g  severe b lun t  or
p e n e t r a t i n g  ;mbd omn ina l tr auma (2 ’) ) .  Conversion of C3 by CoVE whi ch i s
a func t iona l measurement of the a l t e r n a t i v e  pa thway  was r educed in the
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i t  ‘i i  p i t  lent : ;  may h ave i i ’ ’i ’n  r,: l ;mtt ’d t i m  :.i~l’ i’ i i  ‘ l . i I ; a g  . (101

I ,i t ~ Ir e  ‘. t ~i l i i - : ;  w i  I I h i- c i i ’ : ;  i gnii’ (J t~ det e  rmnm i iii- t i ’  - ‘ ‘ r n -  1 . i i o n m  b . t v - i - u
s h u l e t ’ r m  l u n - t  ion - m d  1gM leve l in h it’ t rauma p . i t i f ’ n i t  ‘ . i i i  iii .miti’Iui p t t ( I

i l , ’t t ’ n ,; ,m m m ’  t i ,  um,’-c hn ;mni:,n,I of t h , - rm’ (luctfnn in  t i ; m  l e v e l  ‘ 1  t hmi : i ni n i in iu i o—
; ‘i alum I In . I i i  .mdd j I 1 ( 1 m m , it wi I I I n ’  ~uf im,Im- re:,t to l e t ,  rnnint’ t i i
r , ’l at iotisl m i p lui t w , ’ i ’ r i  :~p ltnI( f u n c t i o n  m u ll r’’ (l,i ( 11m m in p r o p e r d i n , VA!
m u d  CS i n, t i m e  t r ;m i ,m , - m i o m t i e n t  5 .

‘l ime ri ’ im . i ~ e been ‘ii~~tu ;m i l y no i u mv i ’ : , t .  I V i ( l i i i : ,  i n t o  ti , ’ - ‘i ’v p n ’n t i i i
~‘1 l,’rt of traum;i (un lmiinnuu r ,, l im (i:, L defensi’s. In add jti ‘iii , tiier e ire
few : ; t m i i l i i ’ : ,  t i i . i t  p r o v i d e  experim ’nt ;i l ev !dv ’nmi i’ t h a t  t r au m a  doe:, inde ed
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increase suscepti~~i1ity to infection. Conol l y et  i i . found
si g n i fi ca n t ly more i n fec t ion s in r a bb i t s  iii ~cctüd :,ul,c u t - i n ec iu s ly
w it h  P. aeru~ inosa and subjected to meci iani I m l  tri m ’s , , , t o  10’

t i m  i~’Ii than e ‘,nmtrcd an imals that dI d not  r i - c t -  iv e  ill 1:, injury (fl ).
Cutlibm’ rison et al . (32) subjected patient :. w i t h  hone- frasiur ’-:, ti

‘i— r y  ~g degree :,  of cold t e m p e r a t u r e , 29 °C and ~9’’(, r -:;p ’- olive’ 1 j .

Leve is oI~ Ig(; were  the same in botii groups , iiowc’ v -r :, ome m i i m e r
I luct ‘i .iiiun:- in I gi’l live 1 were’ a ij : ; i - r v e d  dun rig L e n  days in i i i ’-  g rou p
sub je~ tc’d to  th u ’ lower temp er-miure . The change : -acre not ;J:;f)re-ssi’i ’
since all vari:mLiun: ; were within the norma l range .

Studie s  on the effect:; of wound t r au m a  on h ,n: ia c , 1 :uiI i in iJ y
responses .- ,rc also lim ited . h a y -n : ;  et al . (~~‘i) c o u l d  de t e c t  rio
r educ t ion  im ~ t i m ’ - an t ibod y response to di p l m t h i e r i a  t o x o i d  in :i;i  ‘

n i t ’g a t  ive wotrnded pat i ‘ - u t:; . I L i l c h m  :, howed t hat  i i i ’  :a- ondary rcs pani :.m-
to  ti’t;unu:; toxoid was norma l in  t r auma  patient s ( f”i

‘l’rauma It. , :. i,ee ’ri sh ow n t’ uIepre:~:. a lc;trance b y t u e  r e t i c ul o e n —
dothie 1 Lii system ( ‘i S_ / i f ) )  , p f m a f ’ o c y t o : .  I:; b y neutrop it ii: , (4 1 , 4 2)  , and
ccli mediated i nurnuniity (43). ‘I’hi se cit;mn ~’e :. arm’ of : ; i , ar t  d u r at ,  i on

l ist Lng during th ,c f ir’. i few  day:. af t e r  t r auma and arc  fo l l owed  h ,
rc :,t (,raiion of norma l activity. ‘lim e cause and si,gni] icance of these
‘c 11 ni l  .‘ir abnorm a I i  t I i ’ : ;  i :; unknow n ,

I t  is  obvious  I rum our p i lot :;tni d y dernoru:;trati rig e1 ,;mn~ cs in
hmumora l e nunponcnL: ‘>1 i i o st  defen : ;c  in tr auim ;i  p a t i ents tb- ti further
comprehensi ‘~~~ ‘ :;tudii’s on l ;irger  n u m b e r s  of pat lint:, ;mre needed . It
w i l l  he important to determine t h e  cause and :,ignific- rmce of ti m e

h u m o r a l  rmbno rm ;i l i t  li’s which occur  fol lowing trauma ;irnd to  dct e r m i In c
t l ,~ dur ;i t ion of the .‘nbnornia l i ties .

Our st u d y did not identif y any reduc t i on ) in -annponi cal s of LI,-
classical or a l t e r n a t i v e  comp lement pathways in ‘.1- p i l e  p r m t i c r m t :
w i t h o u t  trauma , s u g g e s t i ng  that com p l emen t  c o n s um pt ion  in t i ; ’ :. - ; i i i c

burned p ;m t i e n t  was ;i r~ su I t  of :;yner gi  slim l , i ’t w - c i ,  ti,i - iii fecti ‘ n -i and
t I n ’  t r au m a . M c Ca hx ’ (44 ) pr c ’vi o il : ;  l y simowed h u n t C ’! love 1:, we’re
d e c r ’- i : , c i d  in mcdic :i l p ;mt i  o ft : ;  w i l i m  s ep t i c  shiock , a:, compared to (~~~
live ii; in pa t i e n t s  w i t h ,  uncomp i i c ;mte d  bacteremi ;i . ‘fl it ’ f r e q u e n c y of
o c c lm r r e r i o c  of s imock or f a t a l  outcome p a r a l l m ’ i e d  time degree of l o w e r i n g
oi C I  lev e l s  in t ime p a t i e n t s . I” e ;mron c t  al . ( 4 5)  subsequentl y
demonst r . it ed  decrea: ;ed in~nuno chuemic ;i l l e v e l s  of [mc b r  if , p r ope rd in
and (‘l ,C’,,(:6, and C9 in patient:; wi ii~ sepi i  ‘ shmock in compar ison  to
thu,:;, pat  li n t :, w i t h ,  urm comp l ic;ited bacter emia , : ; cL) ’ f ’ ,i ’st ing  t h a t  consump-
t ion of comp l ’r n m e n t  occurred Vi ;i  t i m e  ; m J  t”rnative pathway. Mean levels
of c la: ,r ,  1( 11 components CI , C4 , and C2 in’, t ime  b ac t e r emic  p a t i e n t s  in
whom :;iioc k subsequen t l y developed did rm~ L d i f f er [ruin thosc~ in p a t i e n t s
w i t h  uncomp l i cat e d  bacteremi a ,

Althoug h none of our med i c - i  I s ep t ic  p at  I i ’ u i t : ,  was h ypotensive at
th ic t ime (I f  serum samp le c o l l e c t i o n , 4 of t i m - - 10 p : it i en t s  died of
septic shock on thu following day, and no c omp lemen t  consumpt ion  was
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d n o n s t r ; t ’ - d  i n  t i i i ’ ’.e p- it I “n t ’ . i i i  ;m d ’ lj  l i a r , , ( ‘ i t s ;; p t  I or ( f
a I a  ss i C - ’i I ~ o~np I (‘ rr W ’fl t p u t  hv , - , y ’,ia :, di  -r : ’ r ; :, I r - :  f_ i ’ d i n  : - p I s ‘ : ;  r a - -a

‘ä~ici w er e  r e t  hy1i ’ t”rmsive a:, ’] s : r - / i -i ’ d , 1 ’i m e ’ : , c ‘, i ’ , ’ f / a t  1010,
- a c ’ st e P  t; I n  s in s : ;  I Ca I C OT1~~ I ( ‘mer i t p a t } m ’~/a -/ S r r ~ ‘. ‘r: ’ ;p I ca a r, :, o’ ; a :  € rj

w i t h  ‘ - p t  i a - r i ; ,  I : ;  I m l . i ’) i i ’ ’  to  t i ’- : : a - r r : a i l y i n  p i r ’’P  nati ’’r;ts .

C . ~ orm ;, ] H ’r::ar~~~ e ru m ~~~~~ o r n m n s  f o r  (Jpp ortan1.t Mi~~raar~~~r :;sr ,~~

‘,t u d l ’ ’ : ,  to r ie ’t e : r mj  n o t i ’ -  m e c han i  :.m:, ‘‘ f ’ .’mm p ‘ - r e n t

a ct i ’ / .’i t I on and th ’-  r r , l e  o f  i~~r ;uno; ’ l~,i j i i n  in op s on i’ z-’; t i ’ r m
( m l  L . c ’ , i i  075 a ’t h e r  a e ’r c i b i ’~_opp a r t i i n i s t m l a r a ’ - r , r i r ; r r i s

f I n  our p r e v i o us  st u d io :, , L i i ’ -  a I -‘m ’ . ’. I a - i  i a s ap  li-a r - n t p a t l i v i /
‘, In ’, sh r ,’wn h r  h’ Ut  i i i  z mi’ d ‘‘xc lu : ;  I v e l y  I n l i m e :1 p a t  i -n t  d u n  I ii ; ’ or , ‘;o ru I -,s,t I c,n
of F. c o l t  9/ ’, . ‘.‘-r urn op: .onic ;m cti-nty f’r F.. coil 97’) i s P  c t a : . s L ; m I
p a t  F iva  / ;ic t I v i  t y v -r e’ decre;i ~ed ronaurren t 1 y in  t i m e -  b: ; r n ’ ’’ ~ a t  I c-ni s dur itt;’
t h e -  f i r ’ ’.t  ~~ ‘ ek p o st bu r n , de sp i t e  r,orrs;ul ali’’rnati’ i’- p a i l - n y  :u r;tI’ ,It ,
as measured b y 1; ’~ co n’,’-r’.ion by i r ,r i l j n . Th i s obse r v a t i o n  l i d  i s  i’
i n it i ; j t e  s t ’ ; d i e ’ , t o  an swe r lv’ , i rrmp ’~ r t n r m t  q i i e ’ ’. i i  ass r ’ 1 ;mt ’ ’d  to ti - u~
‘ic f m i  t ion of ser’na prot’’ in’. req ; I r d  f o r  op’.r rm I z :m t~~c ;r ; rn L, ’ r . i i  97 ’)
and t’ - a l t  r : ion ’, of i m ’ s” rnrrnor;i l f ;i: t ’rs in  L’jrri’-d na ti ’r u t ’,. ‘L a-
‘;‘i”s t i o n ’ . y r ’  a ’ . l o u  low ’, ( I )  Wa ’ . the  cl a :; ’, i s - , l  p a t h w a y  u t i l ; z ” r I
i n  tb ’ ~, ‘ , r r m  ‘ i - n  I a i r i n g  op .’ r m i z nt ion of I , .  r j  1 97 ’ be - c  - o m s e  LP-
a l t , - r r , t i i c  p a f sw u~~ ‘ o ’i l d  :; at  h r  ;m c t i ’ / . t ’ - s , Sr  ‘a . is  I:” cia:,’.;’ a! pati;v -u /
;ti ) ix ”a  p r e fm r r n t i i l  I i ?;  (2) Wi,7 was tH’- :,wit chm to an rip p ;mr ’-r ;tl y
I unct i an a l  - i t ’  r Li ’ pathway and iius nor:’- i 1 op :oni ?.- u t  i on r v t
p 0 5 5 1 ’ . 1 . - , y r - mm ‘ 1 m ’ s j c ; , I p - u i i i ’~I . y  ii( t l ’ I it j  v a ’. d ar  r’-ased i n t i  burn s er a ?

‘,ir in i - i l e ’xp ’rir :;#- n f ‘ u l  s t u d i e s  to answ’’r t m ’ - : . ’’ qu. r.tions ’
~/i’ r-

d i r ’ - ’  t e n  t’ra,r’] rk ’t i  r ::,inin~’ i f  I , , i ’ l l  91’ . v — i : . , in f a c t , c a p n L l ~ of
a ct i i  :t  I : ,  t h u  ; i l t c r r m . i t  iv ’ ’  a orr p i ’ ’ r r ’ ’ r ; t  p a t h w ay .  The i pop ’ily :- ricch ani’I-
( I,P~ ) p a r t  i or; of t hi r ‘- I 1 ‘ga I I of ,‘r;irs— n ic ’pa t  iv ’ ’  Li.~; I L i i , sw I; a’; I . c : u I I
) / ‘ , I:; known t o  be ni - ’.pon sib lo for i i : .  an t i comp ] ’ ’ r r n - n m t r ,- ;‘r t_ i v i t y  (4 f ~_ /m~~) ,
Tim ’’ moi ety of t I ’ -  1.P ~, which is rc- - .ponsible ’ for comp lim ent ~~‘ t i v a t  I an is

on trci’ ie  r 5  l - ~ 1 . ‘ 11 , ’ r ’’ is some e xperimental cv i d e n c ’ ’  Ic, India at  e t I m — m t i t
I t ;  t i c  l i p id a moi ety of time LP~, w h i c h  i s  respo n sible’ f ’ ,r t I . i : .  :iological

-‘a I i i i  ty (49 , m O )  . f ic ’c .u ’u s e  I. , c oI l  075 m i g h t  he ’ un i i’i ’ in t i .  mechan ism
of c omp l’’m”rut an  I i v a ti o n  I t  was cap ;ib l ’ of i n I t i a t i ng ,  we ’ al s o  i n v ’ - s t i —
g . t ~~d the  : i b i  I I  t y  of ‘- ihImc ’r r (’pre’:;i’nt;i I I ‘/€‘ gram—ne gative ba a  1 1 1 1  and a
gr ; i : : , — p a:; I I l i e  op p c mr t u n i s t  , S. ;m ni r -ris , t o  a c t i v a te  t h e- a It -rn - it Iv:-
cuinp i l m e ’n t  p ; i thw~’my.  In  a d d i t i o n , wc’ inc I id”d S and R f’irn:. (Rb ;mn ’] Re )
of  ~~ . m i n n e sot a  con tain ing  vary ing amounts  of tin (’ p (ml ’/Sac(hi.ini de portion
of  t i r e  TIPS in ;in a t t emp t  to dct i ’rnü n e  t ime moi ’-Iy of the c c l i  wall viii h
was r e s p o ns i b le  fo r  , i lt c r n at  lv i ’  p a t lm w ;m y a c t  ivat ion . :::irmnc ’: ;ot ;, S
f’ rni , conta i ri:. a comp lete LPS, the’ Rb mut ;m nt  l .a k :, t i n -  1) an t i  ;“-n m d
.m ( e t  y l g l u u  osami ne ;mtt, ’,chmed to the’ t ermina l g lucose ’  ‘ i t t  ‘stains the
r e st  of t hu  basal core , and the Re m u t a n t  c o nt ; , i n s  onl y KDO -mci l i p id A.

The d - i t - i  oht ;, i ned from our invest I p a t  ion ‘. ‘ig ;y’ ’ , t ’ n I  that ti n-
c l m : . r ; i c ; m I p a t h w a y  was u t i l i z e d  in t i n ”  burn .sera d u r i ng  op ’;oni / - i t  j O n
‘i f  I . c o i l 075 b u e n o s ”  a l t e r na t i v e  p a t h w a y  p r o t e i n ’ . r , ’r 1 ’ n i  r i d  f a r
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u~p : u i m J  / - m t  I ’ , : ,  of  t i m i  ‘, m i c r ’~’ m r ; ’ - m r m i  r , rr m ,i- - r  r i o t  I m m d  I ‘ r ; i  r i p  p r o p e r l y.
‘I’l l :. c cuni c I ’m : , on un s l a m :, i -d cm ‘ i - - i - i  - , j p i ‘ ‘ ,-  :, , , f  m z p ’ r i  nrm ’ ’n I - i  I - ii ‘I - ru , ’

- i :, to I 1 ow:, : ( ;i ,m I r u t  - i s  I n i -  I I :. ‘ i f  I- ,, ‘ , i i  Cm! , vi r m I a ’,  r id t o i i  c ‘~~
, i i ,  Ic’

of  a t i / i l i u m ; ’  t i m i  ; m l t ’ ’ r n . i t i v t ’  e ’ ’ r r i p h ’ ’ r r ie ni t p t  i m -~; - ;y .  (Ii) i’r el ir n i ni ;, r 1-
e x p i - n i r r m t ’ r i t : .  j :, i r u ; ’  , rr , i r m r m e ’ ,o t ;i  n i - I l  v - i l l  : ; , i ; t - i n u t  :. m d i ’ ’ t m ’ !  that t _ h i -

p01/’.:’ ci ,— ;rid e p ’m rti on of t h°  I.b’~ w;i:, r ’ ‘ 1 m ’ ’ n m r , i h l c ’  for m i t  i ’ r n i a t  l i ’  i i

w ;m y ; i c t I ’ / ; m t i ~~n , w i i ’ - r . ’ ; m ’, time I I~~J ’ i 1-. i t ’ d -  L y  ,i .u ~~. i r  :;; o n u : . i i m i ’ -  I~ -r ‘ f  j - j ; i -

ti ’ m u m of  h i ’ -  cI :i: , ’,I c;i I 1 i a t i t v . i y .  ‘lime: , ’- r m - : . u l t - , r i - ’1’ mi r ’ ((- ri ] ir rr : i t m - ,r
mi t  i l i  u n; ’ p c m r  i l l  i d  Ii’ ’. ; , r u d  l i p i d  I ’, pr - p u n ’ ’ ]  f ram C . ‘ o i l  9 / 5 , i l ma ’,/ ( - ’ / - r

h u e ’  / ‘ u m ; ’ ; a -  m i d  t bu n t r u m  r o o r ; ’ ;u n  I ‘ ri m: ,  ‘, ‘ m u  ii ., ‘, C . - ‘ o I l  9 / ’, ui t l~ ; ‘~~ rp l i -tm:
I / :. ;u -c  h r  r i ‘Ii ’ r’’ a I on:, I n t i n ’  I r r m -  I I w ;m T I : ;  woo I ’ ]  ,‘ I I ~i - u t _ i ’ t I , ’ -  ;, I t  ‘- rn ; ,  t i i’’

1 m - u t l n w : m y  , m , u d i - r  r m o r r i , : u l on d i  t i o r i : , , : 1 1 , :  C t i m i  ‘. r i - m o n  o: t i : ’ ; ‘ r - u n i — : m ’ -at, i v,-
( : 0 1 1  v - i l l  i :  ‘,,it i’ rrrio :.t . ‘ l i i i -  i l im i el A m o i r - t y  i t .  t b  i n n i - r i r o - . ? j m ’- r t i ’ - r ;  o f
ti , c - I i popol y ’ .; m a i ’:i u ;~r i ’ f ’ -  ;in el i s  Ir a it ’-d eI ir ’ ’a t i y ne ~.- t  t a t i n -  r :iusi’mp e’p tide

i ayc’ r of  ti,’ c~~l I w a l l . l i t . -  cl - i:, ’, I ’ ;,l p - i t l i w a y  wo u ld t i m m - r ’ - ; ’ r ’ -  n ot  Ci ’-
;m c t I v ;ited u r i c ’ ’ .:, m i i i ’  c el l wall W i ’, ; iI  t i - r i  a in  :,oi:,i - m a r i n e r a :, t o  ‘- / p r ~:;e

Lii ’- 1 ip id A or m i n I m ’ : , : ,  t i m e  ;ilte r r; at i v i- p - i t i ; w i y  u , , , m m n , ’m h l i -  t o  i, , , j t i  J j y i - d
(c; ,t bl eat— t , t n b  I ‘ -  inrunmi n o I pC ;in t  I b ,e , rl i i ’ : .  t em f’, a~ m i i  0 / 5  aL. i I i  - a s - u  id
n r , r r n a i l y t r i ; ’; ’ ’ ’r  I : i : , : , I e : a l  p;itli’u ;iy a c t i v ; , t i ’ , r i  w’ r’ ru’ ? d i ’ r : , ’ , r m . t r i t ’ ~~ ] i n
‘r it h mer nmonnrma 1 or b u r n  :;era . In I ’ m ’  I , t i m e  d - i t  a :. i m g p - s t  ‘I .i r riin ii r :a I role ,
if any, for i rrarmunog l obti I in  i n  op:. ’m r u  I Zn  t i ‘ m u ;  of I . . —~ - I m 1)7’), ‘I C ’ s.’ J a f r
‘,b e, m - r ’i ; i t ions ‘ ‘m rn f i rrned tim e: r i-so] t :, ci i  J n : , j r u  v i . ’ , a a ’ , ‘Ii’s - ri’ ,’ S i t  ci
i i p : ; o r m i z at  ion of  I. . so i i  07 ’.’ p r O s  m ’ m - , I i - u I  r ;’ ’r r : ; - ,  I ly i n  I :‘rr ’ i r , ’ , ‘ b a l i  ui  de ;~ ] i

i mmi man sc roll, ( I  7~

i i i ’ ’  t - , i t ; i t i ’ / i - ‘ ‘ rue Iu i : , i e,ri t h 1 t  ; i l t ’ ’ r n a t i ’ i ’ ’ ; . i t : - m ’..- - . y  p r - t I  i n : ,  r - ’ p u i r ’ r l  or
c m pr .or u i z :nt ic mn ‘m l  I: . t. ’ i l i  0 7’ m w i - r i’ abnorma l i n  t h , i  burn ‘, i ’ r ;u  r ’ - r j ’ m i  r i .
c o n f i r m a t io n  b y m - xperir rm c ’rm t ;i l ‘;timdi ’’ :. . T h is  pa :. ’ l i i i l i l y  1:; ‘-xtr I - : : ’ -  ly
inti ’restin g , i mc,w’’’i’-r , in I i;’in t of  ‘t a r  p r e v i a m : ,  m i i m ’, c - F V; i t  i on  I m ; i t C l  c o n —
‘i ’ -rsi ’ ir m by I n m i l  i n  i n  t im ’ - b u m r n  ‘ ‘ - r i  ‘a:, :, r i or r : , a  I wim’’n F . L d i  ‘,p’,ori i i - u t  ion
“mu d a l , m s’;i: :~1 p:mtimwa y a r t  i v i t  y wc’r’’ red ’ mai ’ ’ I , m i m I i n  i : ;  - ‘  ri- ’ ‘ ;y m i i’~~ ]

.m :tiv n t o r of t i m ’ ’  alternat ive patinway, and ; u l  1 of  m i -  - t u ’ f i m - ’, wi, i cii :,re
,irrc’ntl -/ av;m i I - il.1 , on time p r oti ’in i , ,t ’-n .m ’- t ion :; of i i ’  altern ;itive’ iti;—

way i , ; u u i m -  ‘i t  L I  I ‘,a’d z -/mo:.;mn or m u  Ii n a:. t I m i -  ;m c  t I V - i t  I ng, ‘.ub’.t ;m nmea’ • ~ir
d a t - i  would indicat e t at wh en im a et er i ,m , :,rmn Fm i:; C . i o u  07 ’) , a r -  u i ’ a - d a:;
L i i i -  n e t  l i n t  f re’ :.uhmst ;uni ,e r , thu pr ’m ic’ i n  int ’-r ,a t i o n : .  i r i -j ’ - i ’ i ’ - d in alt m- r ,, ;u —

ti’,’ p i tluw ;iy - a  tiv:mt ic ,n m;m ’J differ from the’ pr om ‘-i n  int ’’r;mctiorc ’- invo l ’ji’’I
when iri ’mli n i s  i - m u  ;m s  t h u c ’  :i ’t jya t in m ;’ s,iim ’,taru_ m- . ‘lii ’ ’ s~ - q m m i - r I ’ i -  of
rca opru i i’d pr lm t i ’ m  Int eract ion:; may be d i i  fe rent mar Iir ’ t ’-Lns in  ; m d d i  Lio n ,
to f;uhor:, I!, Cm , ari d initi atin g f .a-t’ir may h i -  rm’ r1 , m in ’ ’d ? ‘ - ;‘,(‘ni i ’ r ; ut _ ’ - in
;ml t , - r,n :it lvi 1 m - , t hm wr m y C! Conven t :. ’- b y the’ bacteri a . ‘Ihm ’ sc- po ss ib ili Iii ’s
i’rri p h u :m :. izm - t l~ i mpon t ;incc ’ of futu re - .t u d i -  :, t o  ‘le’ti -rmin e’ the  i d e ’ r i t i  t y
.‘mnd si - q , ui ’ nium- of p r ’m t e i n :m  r e qu i  red  f o r  op: .emn i i - u t  h u m  ‘i f  grar n—mu’p rmtiv :’
ui ’ rm , i m i ’ , , r ae -I, ;m:; I’, . c o l  I 07 ’) .

()imr t ;t ’ u ’ I j m l  :;o :,h iuw ’ ’d  t lm:mt -,‘r;m rn— ric ’pn t jyu - - , i ’ r o i m i  a h a i l 1  i i , I rm
; md (J i t ion  t o  I . . c u l i  07 ’, , wi- n i ’  c ; , p r m b l e  of  :m c t l v . i t i r i ; ’  tb ’  ; i l t ’ - r , m - , t i v e
1 i m t  lmw:m y .  I- . I I i  ci  on t  a it er n ;i t  lye l i - mt imw ;iy -ma I i  v a t  ion wa:. achieved i t  I 1 Lii n ; .
i r u t ; m c ’ t e e l  I : ,  of  P . ;m e r U ~~iflos ;m , P. nir ab ilis , . in i  b . u r ; i i u n i u ’ : , , , t . m  S f o r n .
b . . m n m r e ’ u a , . m m l i ’ re ’emr ga n i sm w hi c h  frequent l y c.-im i s e : .  ‘ , m ’ r j c m , m ’ , i r , f ’ - - t  i o n ) : ,
i n  b u r n e d  1m a t  l e n t  :; , was not found t i m  he ;m :, i - f  f i ‘ l in t  m m : ,  t he  g r a i n — n i r - g a t i v i -
h,’ic l i i i  in - a t i  v - i l l  n i p  the a l t e r n a t i ve  pa t h way ,  ; m i t h m ” n i g i u  thi:. microorganism
;mpp e’ .m r e d  h i g h  I y - m e t  lv i :  i n  m i t  i - m t  ing a I ;i s : , j ca l  p athway  ;u t I v ;u t  i onu .
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The data  obtained in th is  i nves t iga t ion  have also aided in the
interpretation of some of our unexp lained previous observations regarding
changes in humoral  f a c t o r s  in burned p ;mt i c m’m t s . in t h i s  r ega r d , i m ’ mlu i -
b i t ion of format ion  of an a l t e r n a t i v e  p a t h way  C3 convertase w lm ic lu we
have demonstra ted in burned patients may be of critical importance Li ’
the pa t ient  if classical  pathway a c t i v i t y  is decreased . Our re’ :-ults
suggest tha t  each comp lement pathway should be able ’ to compensate
for the other , if either is not functioning properl y. if the alternative
pa thway is unable to be activated due to an inhibitory factor and
class ica l  pathway components arc consumed dur ing septicerni a , then opsoni-
zation of the patient ’s scra f or hi s infec ting mic roorganism should be
reduced if the organism requires comp lement ac t iva tion for opson ization.
Our results presented in section Al of this report support this thesis.

Another interesting poss ib i l i ty  which is supported by this investi-
gation is that there may be more than one way to activate the classical
pathway. It is well known that  immune IgG antibacterial antibodies
can bind the Cl q portion of Cl and thereby initiate the rest of’ the
classical sequence. Our results support the concept that classical
pathway activation can also occur in the absence of antibod y. Loos et
al . (50) and Morrison and Kline (51) have provided evidence to suggest
that the lip id A region of the LPS molecule interacts directly witI~ Cl
to initiate classica) pathway activation by a mechanism which does not
require antibody. Quite recently, Verhoeffet al. (52) had shown that
S. aureus 502A requires the classical pathway for opt ima l phagocy tosis
by human leukocytes without the participa tion of im ununog lobu lin .

2. Studies to determine the requiremen t for
immunog lobulin and comp lement in opsoniza t ion of
B. fragilis and B. thetaiotaomicron

In our previous studies, methodology was developed for meas-
uring the in vitro interaction of human leukocytes and serum factors in
phagocytosis and intracellular killing of gram-negative non-sporulating
anaerobes (53). Strains of Bacteroides fragilis and Bacteroides
thetaiotaomicron were shown to be killed by human leukocytes in the
presence of pooled normal human serum, but not by either leukocytes or
serum alone. The investigation to be described was undertaken to define
the role of immunoglobulin and complement in phagocytosis and intracell-
ular killing of these anaerobic strains by leukocytes, All of the
experiments to be described were carried out under anaerobic conditions
as previously detailed (53).

Evidence was provided to indicate a requirement for iumnunog lobulin
and components of time alternative complement pathway in norma l human
serum for opsonization of B. f ragi l is  and B. thetaiotaomicron. This
represents a totally new observation, since there is currently no
literature available regarding the definition of serum proteins required
for opsonization of these gram-negative non-sporulating anaerobes.

The experimental data in support of this preliminary conclusion are
as fol lows: (a) Human ser a dep leted of ininunog lobulin , C3 , factor s B
or D or terminal complement components C3 to C9 did not support phagocy-
tosis and intracellular killing of the microorganismm~ by normal human
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h i ’ m m k u m ,  y t m ’ :. ( I i )  ‘ I b m ’  o p : . i m n u i c  ; m c t i v l t y  of i mumnn n ; mn  : ; ‘ - r u n u m  i m i’ ; itm - , I - i t  ‘ , C m i m C

lit  ‘10 m i n u t e ) ,  f o r  t i m e  st r a i n s  v at ;  ri’st, i,red t i m  n u m r n u m ; i I b y i m i C i m I ’ -,
p i m r i  f Im ’d l i e  b r  B, but not by imurn rm ni C2 , the  c i i mpmunmm’mmt m m f  t h u  c l ; m : , : , i
p ; m t i m w ; m y  w h i c h  I,; l;mh i Ii’ at 500C. (c- ) P r o per d i n  cl ’ ’ i t  I ‘ - t  i d  human  s m ’ r n m n u m

:;upp orti’ul nim rm ;i I phagocytosi :; ( m l  11. f r m m g i l i  s and on l y  j m - i r t  i a I I y
suppiir b_ i’(I p im a g o c y t o : ,  i s  of  t he  II. thme t ;iii ,tanrni cr m r m, ‘ . i i ~’, ly- :.t log part. is- i —

p a t i u t n i  but . n n , ’ t  an absti I , m tu’ requirement f ( m r  p r i m p c ’r d i n m  I or op : .0 n ;  m i .i L m

of time’ B. t h e ta  I o taumic  ron. Ti m i observation i: not ’ ;~mr p r I :; i r i g ,
since C3 convers ion  ;mnd thus p resumab l y op sor m i za t  i l i u m  can  occur in t h i m ’
;mb s ’nce 1,1 properdin. ‘l ime’ f u n c t i u m n m  ( m l  p r o p er d i n  i n ;  La :,taimi I ii ’ - liii
(;3 conver ta se , C3b , B formed b y the  f eedback  m e c h an i  an ,  inv olving
f a c t o r s  I!, D , and C3b (19 , 20) .

En our i n ve st i ga t i o n , inununog l oh u l i n  in ;id d it i  on t m  component :;
of the  a l t e r n a t i ve  comp lement pa thway  was found to be r equ i r ed  I or
opsoni z;mtion of both Bacteroides strains. Avai l ab hu ’ information
r e g a r d i n g  Lime  r u t h ’  of innmmunog lobu l in  in opsoni za t ion  of m i c ro o rg a n i s ms
is co n t r o v e r s i a l. A n t i b o d y of the  E g O c lass , in m m d d i t  I ma n n to component:;

of ti me a l t e r n a t i v e  comp lement  p a th w a y ,  I m as been sln owrm 1’’ p a rt l i  i p ; mt e ’
in opsoniz ;m t ion of P. aeruginosa (54 , 55) and St r ep t o c o c c i m : ;  pnetm’m o l m i a i ’
( 5 6 ) .  In con t ras t , op sonizat ion of s t r a i n s  of F. c u l l  ( 1 7 ) ,  S. _~j~J~-
der inmidis ,  S. aureus, S. marccsceni,~~ S. virid ans, and S. I ;m i , ’ u ;i  I I : ,  (57)
ha s  been shown to proceed n o r m a l l y  in hypoganunaglohmml inmi’nn i a ser;m .

‘rime ’ q u e s t i o n  of ibm’ role of inununoglobu lin I n  sm u t ivat I on ‘i f t I,e
- m l t c ’r n at i ve  pa thway is a lso  unanswered . Av.ii l a b l e  e v i d e n c e  i nd i n ’ ;m t: u’ ;,

t h a t  a c t i v at i o n  b y in u l i n  or ~.ymos ;mn occurs in t im e ab sence of innuruno-
gl obulin (I’)). in addition , lysis of Trypanosoni a cyc lops  (58) and
r a b b i t  e r yth r o c y t e s  (59)  b y normal human serum im a s  been shown I’
r e q m m i  re act iva t  ion of the a l t e r n a t i v e  pathway wi thou t  an ap p a r e n t
r equ i rem en t  fo r  convent ional  ant ibodies . On tim e o i l i er  hand , a n t i b o d y
c m l  the ’ I gC c l a s s  has been shown to p a r t i c ipate in ;m l t e r n a t i v i ’  pa thw ay
mediated l ysi s of measles v i ru s  infected  ce l l s  (60) as w e l l  as i n n
opsonizatlon of bac te r ia  as described above.

Since comp lement activation is required for opsonization of
bacteri,;m , one of the most important  ques t ions  i n  t h i s  research ar e - i
remaining to he answered is whether immnunoglobulin is required dir ectl y
b r  activation ol the alternative pathway or fo r  b inding of the bac-
terium to receptors on the leukocyte cell membrane surface . The
experimental design of our future studies will be focused on answering
t h i s  ;m s yet unresolved issue .

‘l i m e r e s u l t : ;  uul our investigation indicated th at the lmwnan serum
prote ins  r equired for  opsonization of B. f r a gi l i s  and B. t hc ta io tao-
m icron  were si nn i ta r  if not identical . This finding raises the que s t ion
as to the importance of the pol y sacchar ide  capsule  to the virulence of
B, f ragi l i s.  Kasp er has suggested that the pol ysaccha r ide capsule
found almost exclusivel y on B, fragilis may act as an antiphagocyti c
agent (61). Our results would tend to support the thes is tha t  the
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ant  ip h i . i g im ‘jt a c - e l i  : ;u i r l a c c ’  c o n m p o n i i ’o t  i: h u t  l i f l I  j l l l ’  ‘ - ~. f ~~~~ - -

and probably m;m y not li e ’ th  p r i m a r y  v i r i u l ; - r m  a f - n i ’ tor of L i i i - , : :; i ra—
or g u n ’  i sni . A I ii m a t  i vu ’ ly, (muir : 1  r ;m i n i f B . th e_t~~’_ L,!,ut Ir ~ r m i  -/ hi -

u’ncapsul;mti’d ~nI ttnu m umgi m t im i :, pos: [h i !  i t  j  I:; u c i r m a j ule re d oni iku ’ I j, s i n , c  a
V;ispcr has on 1 y f o u n d  c m i  of t i m ’ -  save r ;m I a t r ;m  I r i :  a f J~. t h ; u ’ t , ’i i o i a o r r ; i  a ron
to he u’n c ;ip sul.itv d . Our futur u - studi ’-s vi ii attm -rnp t t i ‘‘:~;m m i n a Lim e ’

op sonic. r e q u m i  r eme’n ls f( i r  Axn e r iu  — i n n  t /pe ‘ ‘ m l  t a r m  c c i i i  ‘ - u  t I o n  iso l-it ’’: ; (ml
B. f r a j i h i s and B. thietaiotaoumicron t o e d  b y on F u r  i nve ’~t i ; ’ - ; t  o r , . Of

meld  i t i  ona 1 impor tance  w i l l  be to ‘x;nmi nu’ the i n tcr ;u  L i  ‘in o f  m m , ; : ;

serum and l e u k o c y te s  w i th  s t r ai n s  of  11, vu I ~ -it ii ’ ;tnd h. d i  : . t — i ’ . ’ r u i ’ ,,

:;incc none of  L tme :a ’  Bac tero ides  s t r ;u i r m ’ ; h i s  i i & ’ e ’ m i  , h i owni t a c ’ i r t t ; , i m i

— i p : . u l - i r  mat e r ia m .

If 1. E X P E R I M E N ’f A L A PPR OAC I(

Stud i l - s  i n  three’ ri I ;mted  , , r ( ’ ;m s  of  r m - ’~ i -  arc h ; vera pro1mo ’;u’d for Lii is

pp l ication. I - , ; m c  i t  r e s e ’ ar c l ’n  a re a  w a r ;  t o  h e -  pur : mu’ cI In gri- ;m ter depth t i an
in m ui r prey I omis propos i I a . Our p r i m a r y  r e - a  of  r e ,’ ’ ’  ;irr I; v:u a t a coot m cii ’ ’
ii be’ t im e e v - i l i m a t  ion o f  c h a n g e s in humor ;, I c -oTn V~

;u i ’ n t a  o f  h o t  de fe nce
following burn trauma . Tim i s are a Wa :; to inc linde - ‘  l i n t 1 i r : u m ; u t  I on of

s t u d i e s  to de termine ’  t ime e ’ f f e c t s  of sept ic”mi ;n on c omp leme n t! a ct i vity
and opsonlc f u n c t i o n , m d  the rnm’cinanism ,-mnc ! significance of reduct ion
in (:3 conversion by inulin . in addition , compreinens i ‘ie st en c i l u- s were
to hi- initiated to further evaluate’ t i m e  i n t e g r i t y  n m f  t im e ’ ; n l t ’ r ; m a t  iv ”
comp lement  pa thw ay  in t i m e burned p a t ien t s , s ince i n  our p rev ious  st u d i e s
on l y one p a r am et e r , 03 convers ion  by i r m u l in , was used fo r  d e t e r m i n i n g
the f u n c t i o n a l  a c t i v i t y  of t :his pa thway .  The second r e s u ’ ; , r c l m  a r m ’ ,- ,
was to  be focused on p a t i e n t s  w i t h  types  of t r auma at h er  t i n , n n n  h i u m r r m
in j u n . Time r esearch  which  was propcm sed was to  Inc lud u ’ at  u md i i ’ : ,  t o
de termine  the  i d e n t i t y ,  d u r a t i o n , and si  g n i  f i c m nc e  o f  c han g e s i n  ii -
a l t m - r na t iv e  and c l a s s i c a l  c omp lement  pathway :;  i. n p a t ien t : ;  w i t h ;  - ‘ n h m d ’ , r ; ; i ma ‘ I
t rauma , and studies to dete rmine i f  t ime c h a ng e :  in i ,u m mr :n i f - ma I ( i r s
we re un i que to p at i e n t s  wi th  abdominal  t r auma or v’-re a i ris umIi ’,erved in
patients with other types of nonburo t rauma . The t i n i r d  . ; r m ’ a
r u ’ r ; e t m r c b m  to  be’ pur: ;ued wa s to deal  wh im h u m o r a l  h ost  de f’nsi- rru ’ h - m a u i ‘a’-
,‘i g,- m i n r . t  time’ opportunist microorgan isms  w i m i c h  c a u s e ’  r ;er  i a i m s  m l  ‘r o t )  i ;t l
infections in t rauma p at i en t s . This area w ar ;  to i n c l u d e  a c o n t i n m , ; m t i o n
of s tud 1€’ :; to determine the reqmi i ru’ments for inrgininog i ohu u n  and coin-
ponents of the a l t e r na t i v e  comp lement p athway  for  op suon izat ion  o~
B. f r - i g i  I is and B. t hm eta io t a oml con ,  an (I of r ; t m m d i e : ;  t o  i d e n t i f y the
moict ic’s of t i m m ’  l u l l  w a l l  of  g r a m — n e g a t i v e  ae ’robi ( ;m~~l ~mnmae ’robic
ba c i l l i  wimli’h ar e resp ons ib le  for a ct i v a t i o n  cm f  t i m e  ; m l t c ’rn r ,t ive  and
C iass i .(al comp lem e n t  pathways. in additi on , studie s we’re to he ’ i n i t  i -
ated to determine the role ’ of imunoglobul in i~n opsonizat iorm ( m l  theta’
microor ganisms arid the  in vitro interaction of h m,nn;mn serum and leuko-
cytes with non encap su lat ed  species of Bac te ro ides .  A l s o , ~tu d i e~
were t, ii be unde rt aken  to compare the imuman serum OpsOnic r e q u i r e m e n t s
for  s t r a i n s  of C. a lb i can s  isol ated from burned p a t i e n t s  in compar i son
t o  strains isolated from other sources.
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F i f t e e n  to 20 burned  p ; m t i m - n n t  :; w h i m ,  were  at  t i m e  g r e ;m t i ’ : ; t  p m m s s i b l i ’
r i  :;k of i n f e c t i o n  were to  be ~e ’ l  m ’ i ’  t e d  f o r  t Ime  s t ud y. ~;t - r a  were  t i t

be’ a o l  h ’cted [ro om th e patients one t i m e  per week I or 6 Lu ,  8 wi ck:
pos thu rn . ‘I’lme alternative coup [ement pathway War-; Lu, be , u : ; : , m ’  :;r;u ’ (I I~y
me;msuring 03 and 05 c o n ver s i o n  I)y m m m l  in :mn(h c o b ra  v e r m ’ i u n m  f - m a  t u i r  ( O m i V i -
functiona l activity of factors B ami d I ) ;mnd  of  L i i i ’  L i , t : m  I . i i t i ’ r n i , i t  ly e
pathway , and the innnunochemical leve l of flat Lye Cl , i;m .- t . m ,r B , C ’ih I N A ,
and properdin . Conversion of 03 in t i m e  b m m r n  ser , i  b y inulin and C V I

was to be measured by a hemo ly t i c  method  as w i ’ l  I a:, b y reduction i n
the concentration of the B an t igen ic  d at e n i m i n a n t  ~m f  03 . ( :nmp ar i : ;on s
were to be made between C3 conversion b y time a c t i v r m t i n g  sub :;t ance: ;
in burn sara  treated wi th EGTA and supp lemented w i t h  magne s ium ion :; ,
in which c lass ica l  pathway a c t i v i t y  is b locked , and in u n t r e a t e d
burn sera. Classical pathway activity was to be assessed by maasur ing
total hemol y t ic  comp lement (C1150) and irnununochemica l levels of Cl q,
C4 , C2 , 03, and 05 . Septicemia was to  he documented in the  burn ed
pa tients by positive blood culture:; and clinical findin gs , If a
pa t ien t  developed sept icem i ;m , blood war ;  t o  he drawn one or two
additiona l times per week u n t i l  t ime’  i n f e c t i o n  war ;  c l e a r e d . ‘l’he imypo—
thes i s  that  mic rob ia l  in fec t ion  pe rpe tua t e s  i tad I in the  burn e d
pa t i en t  by caus ing  comp lement consnunption which  reduce ’s time ’ o p s u i m ’m ic
c a p a c i t y  of the serum for  t u e  p a t i e n t ’ s i n f e c t i ng  m l c r o t t r j y m n i s m s  was

to be tested d i r e c t l y .  The a b i l i t y  of the  p a t i e n t ’ :; s i’ra  to promote
phagocvtosis  and k i l l i ng  of his  i n f e c t i n g  m i c ro o r g a n i s m  by norma l
human per ip hera l leukocytes was to he te:;ted prior  to r ind du r ing
septicemia , and , if the pa t ient  survived , after recovery. If more’
than one mic roorgan i sm was isolated f rom a sep t ic  p a t i e nt , e ac lm
microorganism was to  be tested separa te l y as descr ibed above . Perti-
nent clinical information was to be recorded on ‘;m clm burned patient
by a research nurse on an appropriate flow sheet, The in fo rma t ion
was to include time antibiotic regimen, culture data , clinical signs of
sepsis , administration of blood products , and surg ical procedures . ‘ L’ h u i ’
da ta  was to be interpreted by Dr . S. Bjo rnson and Dr . Al temeie r .

Expe riments we’re to be performed to determi ne if  r e d u c t i o n  in
03 conversion via the a l t e rna t ive  pathway was causc’d b y e l eva t ion  of
a norma l regulatory protein , by modification by burn injury of a norma l
eug lobulin which did not under normal conditions regulate C3 conversion,
by an inimib itor present in the eug lobuli n f ra c tion of the burn sera
produced as ;m result  of burn inj ury ,  or b y a def ic iency  of cr i t i ca l
norma l r;e’r um proteins required for 03 conversion. lrnununoci iemical levels
of ~hl ll and C3b INA , regulatory proteins of the  alternative pathway, and
(:3 conversion b y in u l in  and C0VF were to be measured in serial serum
samp les obtained from ten burned pat ients .  Conversion of C3 was to be
measured both hemolyticall y and b y reduction in the B ant igenic
dete rminant of C3 in EGTA treated magnesium supp lemented bu rn ser ;m
,mnd in untreated burn sera as described above. Regres sion anal yses
we ’re then to be performed on the data to determine if a correlation
existed between reduction in C3 conversion and elevation of ~3I1I or(: 3b INA or w lmen time ’ two proteins were elevated s imul taneous ly ,  In
addi t ion , eug lobul in  was to be p repared f rom both burn sera wit h
reduced 03 conversion and f rom pooled normal serum. The cuglobulin
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I r :m c t  l oris ; (if t lm i ’ h m i r m n  ;, i ’ r , m  w a r m ’  t i m  I i i -  , m m l d m ’ ( l h i m  I n m u r’i ’ ; m : ;  I u n g  c on e e r m ; r u t  i on:,
I t )  nun r nm ;m 1 liti nnm an :;i ’r rlm , ;mrm d ( ‘l c m n v ’r : ;  m u  w ; i : ;  t U i i i -  m n m ’ , ; a m n r i ’ u l  m m ii i i : r t j m , i j ’m ’ m f

t o  03 u !onv t ’r s io rn  in  norrn ,’m l  sentun : , m mp l ) l e n m ( ’ mi t e ’ d w i t h  e ’ m m g i o b , m m l  i n  f r - i t  t i ” , nm ; , L , - u I

ron poo le’d norma l imu in an serum . Time ’ eug I ohu 1 in pm’ ’ ‘ p u  r - u t~ I , m f i : ,  wim i u - l i
i n l m x h i t i ’ d  03 conversion In  norma l r;ermmm ware to he f r r n i - t  j u i n u , ’m t i ’ d  b y ( ,t / , l - , —

!;t’p umadex A— 50, BioRax 70 , and pre -p ar ’mL i vu - i : , om- Ii’ , Ir Ic- f ‘mi ni:; i u t g .  Au  L i  vi’

t r ; m c t i o r m : ;  we re t o  lie ’ identif i ed  by their , m b i l  ity L u >  i m i l m i b j  t (11 c o n v m - r : i o n
in norma l :;(‘rum :m : ;  descr ih,e’d above , Ti me ’ CimroTflrIt , o;’r p it  ic pr  o~ m dii r i - whm i t  I t
war t ’  to he Se’ I ( ‘C ted for  our stud y were to be ur ;ed hi u ,- in m: , e  c e~np :m r j oem:,
c o u l d  t l i en  he made between tIm e r in Im Lb i Li  mr y :1’- t iv I t y  in t ime  b u r m m  a’ - r - i ;mnd
t ime ’  known in i m i b i tor :;  of 03 conve rs ion i n n  norma l r u ’  r ou t , i , C’ , , l i i  aim ’ ’
( :3h , L IlA , since these’ procedures were usc’d for time o r ig i  mi I : m ’ p ; m r ; i t  ion
u m f B i l l  ,‘mn d C ’lb IN A . f’rep;mr ;m t ive isoe I ec tn c f u m e - m i : ;  ing w ;t a t m  he u i r ; i - d
th mi’ f ina l pun fication step, If t ime s i ’  procedure:; [a I I i ’d t u , i : , o i ; m t u ’  an
I n lm j l ) i  tor of  03 c (mnvers ion in tI~ h ) urn :;e’ra , then  :;tud i i ’ : ;  w ’ ’ ru ’  t i m  I i i ’
i n i t i a t e d  to determine i f  r educt ion  In 03 conv er : ;iomn m m  t i me  burn  :-, , ‘r a

was ca u sed b y a d e f i c i e n c y  o~ serum protein:; . Poo lu ’d  no rm a l  I muman :;e ’run l
w : ;  t i m  be f r ac t iona t ed  b y ion exchange and m o l e c u l a r  s i c - v a  chromatograp i m y ,
and fractions we’re to be added to bu rn  scr ;i in an ;mtte:mpt to restore 03
convers ion t ( m  norma l .

‘l’ite :;c’cond area of re’searclm whm i aim was p 1 rmnned wan a c omprcluu’ns ive
:;tmi d y to , i r ; : ; u  - a s  the  a l t e r n a t i v e  rind c i  ar ;si-a I comp lement  pathways ,
inunmuno g lohul in:; , and se rum opson [c ;mc : t iv i ty  in pa t  l i n t : ;  w i th  nonhurn
trauma . T ime :;tud y was to involv, ’ t h r ee  pa t ien t  groups , i . e • pat  u n i t s
vi tim b 1 mint or penetrating abdomina l t raum a , p a t i e n t :  vi t im o u t  tr au nr m ;m wi mo
lund undergone appropriatel y matched ab d o mi n a l  su r g i c al  procedures , anmd
p a t i e nt :; w i t i m  head i n j u r i e s  w it h o u L  abdomin a l traum :m . Tine m i d d l e  group
ma f surgica l  pat  i e i m t s  w i t h o u t  trauma were to :;e’rv e ;i: ; t h u  c o n t r u m  I popu 1
t ion , Ten pa t i ( ’n tS  in e ’achn group we’re to h i ’ f o l l o w e d  f n r  three w i -a k : ;
post admission . Se rum :;amp les ware to he obta ined  as soon r u n  the patient :;

~ - ‘re identified and then two times par  week f o r  t h ree  weeks or u n t i l  t l m m ’
paliu !rlt was dischmarged i f  th i s  occurred p r i o r  to three : weeks . ‘Li m e ;m lt e ’rnm ;u -
t ive ’  ‘ m a t i ; ~~a~ war ;  t u u  he :m : ; sm ’sse d by m e asu r i n g  03 convers ion  b y i n u l  in
and ( , a’ ’ f ’ , t - m t a l  ;m l t e r n a t i v e  pa thway a c t i v i t y  and f u n c t i o n a l  a c L i v i t i m ’ : ;

m l  [ .  ‘ i ,rr ;  If and I) , and Ln ,nunociu ’mic a 1 levels  oil nat  ly e  Cli , I ;ic tur  R ,
p roperd in  r ind 0Th INA . ( : I ; u :;:;ical pa thway a c t i v i t y  was to be ;m sn u ’ : ; sed
b y m an : ; t m r I nm g ChI 

~~ 
;mnd i rmiiunoc imemic a I levels of Cl q ,  04 , 02 , 03 , and CS .

l iTum unog l o bu l in s  (; , A , and M were also to be qu a n t i t a t e d  in t ine ’  patients ’
i nca 1 gM v u :  f o u n d  to be markedl y decr e ;m: ;ed in i t i : m l I y following

; u I ) d ( f l f l h u l ; m l  t r a u m a i n  our p r e l i m i n a r y  stud y. Opsonic  a c t i v i t y  of t in t ’
p u t  l e n t : ’ : ; e ’ r ;m f o r  I, c o l t  075 , S. aureu sm 502A , and P, aeruginosa 73044
were ’ ;~ I r i m  to be de ’ternn ined . Opson ic a c t i v i t y  of sar a  from our pre l imina ry
study  group 1,1 t e n  tr aum ;m pat ient :;  which  h a d  decrc ;ised a l t e r n a t i ve  and
a I ; s n a ; i - i i  p a thway  ;m ct i v i ty  and decreased 1gM were ; i l s u i  to be ’ m e a s u r e d
m u s i n g  t i m e  microorganisms described above . The exper iments  were to be
p erformed in an at temp t to determine if time a b n o r m a l i t ie s  decreased t i n e
m i p : . o n m i i -  e’~ p a c i t y  of t ime sera for microorganisms which f r e q u e n t ly cause
infections in tratnna patients. Pertinent clinica l information on th(’
n(’w :;tud y patients was to be recorded by t he re searc lm nu r se  who was a l s o
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to obtain L i m e  ~p’ , l r r u i  i i : ,  r u n  t int’- ,’ - ,-r iup :~ i i i  f i u t  l i - n i t ’ , o f  p t n t i i : m i I  - u r

i n t i - r m ’ r , t  w - m ’ , L u ,  u l m ’ t e ’ r r n i n m ’  t l m u -  a S : , u m u  i . m t  j u n  I .  t wm ’e nm i u m l m o r m J  ;m hnorrnm1 I —

t i es and l i i i ’  , , u - a mj r r e n e e’ i i i  m l -  r u m b i  i t  inf e ct m u m , ,  irm t I e - i - u t  i - r ut :, w i t h

nonburn trau ,um,’u rind i rm t i m e ’  i r y i  i - i l  p i t  i t - n i t : ,  w i t l u i - i u t  t i  - u u n n ; ; . i ,

‘[hme th ni rd are’ i of r m - ; , i - t r c h u  w i ’ t i m  Imm v ’’ lve i c m u i m t i n ; i i - ; L m ’ : -  i f

studies L u i n c r m ’ a : a -  ‘‘ur undernt iuu ’ Iin m g m i t  F u i n n u u i r - i  I Iii ;-; t deli-n’ ,-

m c c h m n i n i s m s  m l ’ a  ij i s t  t l i i ’  t i p p o r t u n i  ‘ t  liii c r ’ i O r ; ’ ; m u n i  Sm:. w i m i  i i i  c - j u l : ,

s m ’ r i o n m : :  i n f i a - t i o n s  j i m  t r .-num ;n p i t  I n i t ; , . I , x i u i - r i n r ; i  i t : ;  w - r i -  to  Ii i ’
p e ’r forme d t u m  p rov ide  lurthien : u p i u u m n t ,  f o r  ‘ a r  pm ’ ‘j i m a ’ , p r - I  i :;inary

obse r v a t i o n  t h ; m t  b u t h m  i n g n u n u mgl o b t i  I m m  m m ii c o m p o n e - n u t : .  m l  t hu a l  tam , —
na t ive!  comp lament p a t h i w a y  w a r m ’  r e q u i r m - u l  f or u p ’ o r u  I ,,, j t  ion  of  0 ,
f r ag i  1 is and B, t ime t a io taom ic ron .  h ost ’ dep e n d e n t  r m ’ : , t  m - r  m t  i oui o i l

the opsonic - i c t i v i t y  of ilTununog lobu l  i n  dep lo ’t eu l , f i t  t ( r 11 dcp I a t ~’d ,
and f a c t o r  0 dep l e t e d  Imu m an :; i ’ra  ware  to be ;it  t ennpt ( ’d  ml: ;  i no t i m e
respe’ct ive pun f i t ’d imuman p r o t e i n . i n  a d d i t i m , n m , : 0  u d i  u - : ,  w a r m ’  t i m
he i n i t iat e d  t e m de tm ’rmin e  the norma l human serum reqtm ; r e ’rn ( ’n L:  f o r
o p s o n iz at i o n  of B, d i st a so n is  and B. v u l g a t u s .  [ I  i t  W a ’ , demoo-
s tra tt ’d  t h a t  t i m e s e  s t r a i n s  have the same opsonic  r e q u i  rc ’m e ’nt r ,  - u ; ,

B. fragi lis and if, t het a i o t a o m i c ron ,  th ien a role for th u ’  c a p : u I m ’
in host defense  would  be minimized , s ince  time B. d i : ; t a a o n i i : ;  and
B, v u l ga tus  are nonencapsu l ated . Conversel y, i I i t  was shown t i m ;mL
t lme ’ s i ’  s t r a i n s  were suscep t ib le  to comp lement med ia ted  l ys i :; h r  t i
phagocyto .s  is and i r m t r r m c e  I l u l a r  1< ( 11  ing b y l eukocytes  in the  a b : ; e n m c e
of se rum , then tine ’ concept of an an t i p h a g o c yl i c  e f f e c t  u , f  t Ime ’ c ;ip :~m i l a

• would have been s t rengthene d . An in tegra l  par t  of the ’s”  exp( ’ r ime’nts
was  to he the demonstration of capsular material or lack of ; t  on
the strains of Bacteroides used in our stud y. Our exper ime ’n t s  we’ r e’
to include several strains of e’acim species .

Otud i e s  were also initiated to determine tIme : m n u ; i  u t  j u ’ s  of  t ime’
c e l l  w a l l  of gr:mm-negative aerobic and anaerobic bacilli wimici n
ac t iva t e  the c l a s s i c a l  and a l t e rna t ive  pa thways , since t h i s  in f o r -
mation would :illow us to determine’ which  path iw ay was ac t iva ted
preferent iall y dur ing  opsoniz ation of the microorganisms under norma l
condi tions . Li pid A and LPS were to be prepared from strains of
E, ccl i,  P. m i rib i l i s,  ;mnd P. aeruginosa i so la ted  (noun tine b lood
cultures of our burned patients. Lipid A and LPS were also to  be
prepared from E, coli 075, P. aeruginos,’i 73044 , P. mirabilis 7056,
and S. minnesota S form . In addi t ion , Dr . Dennis  Kasper ( i l a rva rd
M c d ic ;u I School , Boston , Mass.) agreed to provide us with p u r i f i ed
125 , l i p id , outer  membrane protein and capsular polysaccharide from
B. ir ;m g i l i s .  These p u r i f i e d  p repara t ions and wa :;hed h e a t - k i l le d
b ac t v n l ;m l ccl  Is f r o m  whic i m they were derived were: to be tes ted fo r
their ability to act ivate  the c l a s s i c a l  and ;m l t crn r it i ve  pa thways .
C l ; u s u : ; i c , m l  and a l te r n a t i v e  pa thway  consumption were to he’ measured
by comparing time functional ;mctivit ies of (:1, 04, 02 , 03, and Cl i
to 09 in human serum before an(l after I n c u b a t i o n  w i t h  each p u r i f i e d
preparat ion or bacterial cell suspension . Al te rna t ive ’  pa thway
activation was also to he measured by de terminin g 03 to 09 consumption
by the bacteria in 04 deficient guinea pig serum.
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Studies were ’ ;m l s o  to be pe ’rformed to  d e t , ’r r n i n e  i f  i f l u l u m i m l o —

C i u i i m u l i n  w ;m: ; r e q u i r e d  for  o p s o n iz a t i o n  of t i m e  b a c t ar i a l  : ;L r a in : ;  l u y
rm oz n m n m i  Imu n m an :;erum because is was requi red  fo r  c omp l e m e n t  r u s t  i v u t  ion
or f o u r  some other  s tage in the opsonic proces:; . In th i s  retymrd ,
th ere i:; no i n fo rma t ion  c u r r e n t l y  a v a i l a b l e  on tim e ’ r o le  of i r mrmu n u , —
globulin in uctivation of the a l t e r n a t i v e  com p l e n u er m t p n m t l m w a y  b y
bacteria . All of the available information on tim ” ro le  of inumun o-
globu l in in activation of th is pathway has been carried out
u t i l i z i n g  zynnos;mn or inulin as the activating subr;tance , r m u i d  a ru le’
for imnununoglohulin in activation of tu e alternative pathway l u-i ’
not been demonstrated . The microorganisms wimic ln were to l,i ’ u :, u ’d
f o r  these exper iments  were to be L i i i ’  c l i n i c a l  i so l ;n t e ’s  of P. m i r :mb i  l i s ,
h:. ccli, and P. aeruginosa described above , as well a: a s t r a i n  ( if -
s. aureus isolated from the blood c u l t u r e  of a burn ed  p a t i e n t  and
the B. fra~ ilis and the B. thctaiotaomicron used in our p r e vio u s
studies , The ab i l i ty of hypoganunaglobulinemia and normal sara to
promote phagocy tosis of the micr oorganisms by norma l imuinan leuko-
cy tes  were to be compared . Those microorganisms w h i c h  r e q ui r e d  more
than ‘i small amount of immununog lobulin for opsonizatiori would not
be’ p h mag ocy tosed  in the presence of tine: I ny p o g a tn u n a g l o b u l in em i c  sera .
[n our previous studies, we have demonstrated tha t  hypoganunni -
glooulincmic scra did not support opsonization of t u e  Bacteroides
strains. We also have preliminary evidence to suggest that the scra
also did not support opsonization of the E. ccli, P. mirabilis and
P. aeruginosa isolates. Washed ce l l s  of the test strains were to
be incubated wi th  the hypoganinaglobulinemic and norma l scra , and
03 to C9 consumption was to be measured . I f  the hypoganuna g lobu-
linemic sera could not support C3 to C9 consumption b y t ine b ac ter i a
or opsoniza t ion of the bac teri a, this observation would indicate
that ininunoglobulin was required for opsonization because it was
required for comp lement activa tion. If the imypoganunaglobulinemic
sera supported normal 03 to C9 consumption by t i n e  b ac t e r i a  but  did
not suppor t opsonization of the bacteria , this ohse’rv’ution would
indic ate tha t irnumnunog lobulin was not required for comp lement ;nctiva-
tion but served some other function in the opsonU process.

Fina l l y, experiments were to be conducted to determine if strains
of C. albicans isolated from burned patients were’ more resistant to
phagocytosis  and intracellular killing by human le’ukocytes than
C. a lb ic ;mns  s t r a ins  isolated f r o m  other sources . The a b i l i t y  of
increas ing concent ra t ions  of pooled norma l hiunna n serum to promote
i n t r a c e l l u l a r  k i l l i n g  of the s t ra ins  by normal imuztman leukocytes
was to be determined , The strains of C. a l b i can s  to be tested were
to include blood culture isolates from burned pa tients and isola tes
from c l i n i c a l  specimens obtained from other patient populations .

- - 
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I m ;j  u r ~’

I. St udle- : t o  de’termine time mmii’ , t i n  i -a’ . i i i  y & ’ u l i t m  j u n O  ~fl C m on i ’J e ’r ’, i o n m  in ;
b u r n e d  p a t i e n t s

a. R e s u l t - ,

Our  p r e v i o u s  s t u d i e s  showed t h a t  u onv er s ior t  of C3 by i n u l  t i m  in  s i ’r  a

f r imrn i r - . e ’v m ’re ly  b u m m ed p a t i e n t s  was redu ed d u r i n g  t h e  u - a n y a c u t e  bu rn  phase  and
w i : - ,  mm ii rn m a l I zed b y the ’ s e v e n t h  week (8 , ‘J , 1 ( m) . The t m c c u m n e ’n e - e ’  and d u r a t i o n  of t ime ’
ru ’du r I u u n i  i n  C f  c u u n v e r s i u n  we’re f o u n d  t m  be d i r e c t l y r e l a t e d  to the  s e v e r i t y  of
t i m e  burn t iii jury . M i x t u r e  of e’qual  1)art ~; of  bu rn  sera w i t h  r e d u c e d  Cli c o n v e r s i o n
and  p u t o l  ed norma l I m m i m a n  s e r um  (PNHS)  d i d  no t  restore C3 u-onvers ion to n ’ m r n ~al
‘hIu m ’se jur e’ l i m i n m a r y  r e s u lt s  sugges ted  t h a t  r e d u c t  ion In C3 conversion in the burn
sar a  m i g h t  be caused  by a c i r c u l a t i n g  i n h m i h i t o r .

The h y p o t h e s i s  ti - mat  r e d u c t i o n  in Cli c o n v e r s i o n  in t he  bu rn  Sara  was cau seui
by an I n h i b i t o r  was tested experimentally (Annual Summary Report , J u n t a  1 9 / 7 ) .
Burn  sera w i t h  norma l or reduced C3 conver s ion  were  t e s t ed  f o r  t h e i r  a b i l i t y  to
inhibit C3 conversion by inulin in PNHS. None of the burn sera with normal Cl
conversion in im ibited C3 conversion to any extent when added in increasing con-
centrations to PNHS. Several of the burn sera with reduced C3 conversion
inhibited C3 conversion when added to PNHS , whereas other burn sera with reduced
C3 conversion had no i n h i b i t o r y  a c t i v i t y .  When t h e  d a t a  were subje’ated to
s t a t i s t i c a l  anal ys i s , the  d i f f e r e n c e s  w h i c h  were observed between the burn sa ra
w i t h  reduced C3 m i u n i v e r s i o n  and those w i t h  no rma l  Cli c o n ver s i o n  were  not  f o u n d
to  be s i g n i f i c a n t .  In a d d i t i o n , the  va lue s  ob t a i n e d  when equa l  p a r t s  of bu rn
s ar a  and PNHS were ’ added t oge the r  were  not  c o n s i d e r a b l y  lowe r than those ob—
t~m i n e ’ d when a comp l ement  d e f i c i e n t  norma l se rum (PNHS heated at  56°C for 30
m i n u t e s )  was added to PNHS .

‘Ihe inability tim demonstrate stat 1st  i c a l l y s i g n i f i c a n t  u j i f f e r e n L  c’s b e t w e e n
t i m e  i n i m i h i t m m r y  a c t i vi t i e s  of b u r n  sera w i t h  reduced  v”r s u s  no rma l  C3 u m n v e ’r s i o n
m i ,t~h t  have’ been r t ’l ;m t e d  to  the  c o n ce n t r a t i o n  of the  i n h i b i t o r  i n  sera with r e—
du ed Ci cunversion . If tine in lmihitor was p r e s e n t  in m i n i m a l a m o u n t s  in t Ime -
se’ r ;i , t i m e s  f r ; m e t  i o n ;u t  ion of the  sera and c o n c e n t r a t i o n  u f  the frai -t ions should
r o ’ :; ui l t In demonstration of I n h i b i t o r y  a c t i v i t y  by one of t h e  f r a c t i o n s .  An
. i l  e r n , m t  ivo ’  •‘ xp l ;mnn at i u n m  for the data w;ms t h a t  r e d u c t i o n  in C3 c on v e r s i o n  in the
bu rn sara was u’aused by a defi ciency of critical norma l serum proteins required
for 03 onverslon . To te’st the first hypothesis , psemidoglobu lin and euj~~lobu1in
f ran t ions of burn sara with reduced C3 conversion were added In increasing u:on—

- m ’ n , t r m m t l o i n s  to  PN FI S , and C3 convers ion  by inul in was m e a s u r e d  and c o m pa r e d  to C3
c o n v e rs i o n  i n  PNHS su pp lemented with pseudog lobulin or euglobulin fractionat ed
from PNHS. Euglohu lin fractions prepared from either burn sara or PNHS inhibited
(‘I commver sion by i n u l i n  when added to PNHS . However , the euglobulin f’racti un ;mted
I r u m mi t t he ’  b u r n  ‘;t’ra was more inhibitory than the eug lobu l in fractionated from
h’NIIS. S inii ’e r m o ’ o g m n i zu’d r e g u l a t o r y  p r o t e i n s  of the a l t e r n a t i v e  complemen t  p a t h w a y
0Th l mu , mi  t iv ;itor (C3h INA) and ~ I H  are known to be euglobulins ( 2 2 )  t he  r e s ult s
m i t r e  r i he’d ;il,ove’ provid ed prel iminary support f o r  t he’ e u r n - ap t  that redm ,mm ’ t ion in C3
(‘onvm’r s loin in t h e Inmr ii sera might be caused by elevat Ion of one or more of these
proteins.
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Cli c o n ver s i o n  by inu l inn and i m n m n u n o c h e m i c a l  l ev e l :~ o f 0 t h  I N A and n~1 iI we’r~
nmu ’ ; is ur e d in multiple’ samples  of sara  obtained from ei g h t  d i f f e r e n t  burne’d
p a t i e n t s .  Bill d e t e r m i n a t i o n s  cia the sera were  perf ,rnui ’d In the 1rulo r ;m tor ’~ of
1) r .  ~- l , u ’ i n R m m d d y ,  M e d i c a l  Co l l ege  of V i r g i n i a , R i c h m o n d , V i r ~~i n i m i . L I  inical
c h a r a - t e ’r i s t  i c s  of the  bu rned  pat  i en t s  f rom w h i c h  the s ar a  s-are’ rmbt a i nui’d m~~i
to 8) are presented in Table 1. Utilizing single regression analysi s , nit

correlation was d emonstrated between C3b INA levels and Ci onversion ; by i r i m i h i
in the burn sera (Figure 1) .  A c o r r e l a t i o n  was a l s o  not  d urmr m o nst rat u ’d betw.’ - i j

Bil l  lev e l s  and Cli conversion by inulin in the burn sara  ( F i g u r e  2 ) .  l i m l t i p le

re ’~~r m ’ s s i u m n  a n a l y s i s  w i t h  y equal  to C3 conversion by irmu li n and x equal to
t~l h i  an d C3b 1NA y i e l d e d  an r va lue  of 0 . 2 62  and a p v a l u e  of 1,L 4 h .  ‘J ’h ese
r u ’ s m j l t s  i n d i c a t e d  t h a t  a s i m ult a n e o u s  e l e v a t i o n  of Bill and C3h 1f~/r also did n o t
c i m r r , ’ l a t  a w i t h  ru ’du u ’t ion in C3 c o n v e r s io n  by f o u l  in i n  t he  b n m r n  su ’r r i .

The r e s u l t s  described above led us to h y p o t h e s i z e  tha t  the  i n h i b i t o r , - ac-
t i v i t y  of t he  burn  e u glo b u lin  was unrelated to the original 03 (:onverting o?
the  bu rn  sara f r o m  which  It  had been prepared , bu t  c o u l d  be i’x~m l ; m i n e d  b ’
e l e v a t i o n  of r e g u l a t o r y  p r o t e i n s .  I f  t h i s  h y p o t h e s i s  was cm trrect , then i the
i n h i b i t o r y  a c t i v i t y  of e u glo b ul i n  p repa red  f rom bu rn  sera  w i t h  norma l Cli  cur ;-
version should be equivalent to the inhibitory activity of euglobulin prepared
f r o m  bu rn  sera  w i t h  reduced C3 conversion , prov iding C3h INA amid B1H were
e l e v a t e d  in the sera. Sera f rom Patients 5, 6, armd 8 w i t h  norma l C3 o n v c - r s i o n
and e l e v a t e d  levels of C3b INA and B1H were pooled , and each pooled serum was
f r a c t i o n a t e d  i n t o  p s e u d o g lo b u lln  and e u g l o b ul i n .  Each pooled s e r u m  (2 m l )  was
d i a l yzed a g a i n s t  0.008 M EDTA , pH 5 .4 , f o r  18 to 24 hours  at 4 °C . The e’u~~1 o h u m l i n
was d e p o s i t e d  by c e n t r i f u g a t i o n , and the  p s e t m d o g l o b u m l i n  was removed .  The eu-
g l o h u l i n t  was washed t h r e e  t imes with 0.008 H EDTA and r c ’d issolved in 0 .5  ml of
0.01 M T r i s — H C 1 , pH 7.4, containing 0.3 M NaC l .  The euglobu l in and p s eu d o g l u h u l i n
f r a c t i o n s  of the  sara  were ’ then  d i a l yzed a g a i n s t  0.01 H phosphate buffe ’red saline
c o n t a i r n i n g  5 x 1(~~4 M CaC l2  and 1.5 x i~~—~ M MgC 12 .  PNHS wa s  I r a c t i ’ u n , i t e d  i n t o
ps u- ud ogi tubu lin and m ’ughnhulin fractions and dial yzed as described above for
t r a c t  i onat  ion of time ’  bu rn sera . The procedures  f o r  p r e p a r a t i o n  of t h e  e ’ m g l o h u l  in
and p s e u d m m h l u b u l i n  f r a c t i o n s  were  i d e n t i c a l  to those used in o u r  p r e v i o u s  a x-
per iment S.

Un t r ;mm tionated poo l ed burn sera and the pseudoglob tilin and euglobu lia frac-
tions iii the poo l ed sera were added in increasing concentrations to PNHS , and
C3 c oii vu’rsion by 10 mg/mI of inulin was measured and compared to C3 conversion
I n PNHS supplemented  w i t h  pseudog lobu l in  or eug lobul in  f r a c t i o n a t e d  f r o m  PNH S.
T u e  & ‘mmg lobulin fractions of the pooled burn sera inhibited C3 conversion by
I n u l i r m  in PNHS to a greater extent than t h e  e u glo b u l i n  f r a c t i o n a t e d  f r o m  PN H S
(Figure 3). These results indicated that the ability of the  bu rn  e ug l o au l i n  to
j i m i m i t n i t  C l  co rtve ’r s iu m n in PNHS was related to the concentration of regulatory
pr otm ’i im s In tine’ sara from w h i c h  it had been prepared , but not to the original Cl
conve’rting ac tivity of the sera. In addition , the results refuted the hypothesis
tha t r e d m m u - t  l o i n  In Cli conversion was caused by alteration by burn injury of a non-
re g .il.mtm mrv t ’ughmhu lin to a c o n f i g u r a t i o n  w i t h  r e g u l a t o r y  a c t i v i t y .

Time results of our initial experiments Indicated that the C3 conversion
v alu mm ’: - oht .m inn’d whe’n equal parts of burn sera with reduced C3 conversion and PNHS
wi n. ’ added t u m g e t  her were’ not equal to the C3 eumm vm ’rs Ion val to ’s obtained when
norma l sara ware’ added to PNHS. However , the C3 convt-’rsmi )n values obtained when
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T a b l e  1. C l i n i c a l  C h a r a c t e r i s t  i t : ,  o h  P a t  l i m i t : ,  w i t h  hu n n i l n m j u t n

bi udy S u r f  , i m  a l n j u r e d 1
~

Pati ent T ot a l  T h i r d  i iu ’~’ i

- - - 

N o .  A ge’ Se’x” 
- 

‘I

1 12 F 40 11
2 6 F ~m ( )  60

42 M 6 3  1
4 9 F’ 49 15
5 i i  F 62

10 M 17 IC
7 12 M 70 60

4 8 10 M 71 ( l ,

9 M 48 14
10 3 1” 60
U 2 1 N 7 1  56
12 51 N 35 11
13 59 M 62 0
14 14 M 45 17
15 12 M 40 0
16 15 N 49 4 5
17 4 F 48 48
18 4 F 78 70
19 55 F 52 17
20 Il H 51 11
21 9 F 65 40
2 2 14 F 45 35
2 i 9 F 55 55

aM = m a l e ;  F = t amale’,
hA i l  m a t  l a m n t s  h ad f l a m e ’  bu rn  i n j u r i e s .

(
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Figur e ’ 1 . R c ’lat ionu ’~i m i p  between imm mm noc he’rri al levels of C3b ina ctiva to r
( t :  hi -  r SA )  and C3 -cmnv Prs ion by nmi l in in m m l  t i pie sera ob~ - r u ’s fr o n t
I c I t  1, n ned m m , ,  t I a n t s .  Tine ’ r m -  f f 1  i co t  of Ii near orrel at ion ( r)

was —0. 191 , and the p va l ue ’ was 0.32. Time pm- m i n t s  r m ’ p r m ’ sm ’nt the mean
va l o r ., of dup i In i t t ’  t j m ’ t  m ’ > t r t i m u , i t  Ions.
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F i gum re’ 2. Re I ’m? I ‘ m u  s i t  I p b et  wean i nnmmm m n r me hemi cal 1 eve]  s of B I H ?inm d (‘3 conu vm ’r s ion
by m mm l f r i  l i t  m o l t  i p l e ’  s er a  obtained from a l ;  hi t I u rnm” d pa ti en ts , Tine
flail U t e n t  of I m n m ’ a r  e’orr el,ut f u n  ( r ) was — 0 . 2 S F , and the p value

w a s  0.18 . The’ poi nt s repr e sent time nn u m ’ ,’m n  values of m h n i p i  f t  r m t  a deter—
Inn h u t ?  Ions.
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Figure 3. C3 ( o n ~~~- r ’ , i on  by in n ] i n  In F’~ }I~ supp~ .’~~-r ’ ’d ‘ ii m i n f r - -- m t
b u r n  s ar a  and  t h e  eui glohui l In or 1 s ’ t d - ;~) o t ~- r ]  i n  f r a u m- i o n s  of ~- n ~~e~
‘ .“r.i I ru r r  Pati ents 5, 6, and 8. Sara cm-fl ‘- ~“ci or t h e  f c l ~~r s ’ in ’~
dates from the pati ents were poo l ed : P a t  1 ’ : : 5 - days 9, 33 , an d
4()~ PatI ent 6 — days 26, 32 , and 39; and Pi l ,ant F - d a ; s  10 , .7 ,
and 57.  C3 c on v e r s i o n  by I n u l i n  I i  t he ’ po-- l ed burr sara pr~ : r t
f r a r - t  I n-i t i on  was 75% for Patient 5 , 797 - f o r  P a t i e n t  6 , and F2~-
f o r  P;st l en t  8. Th e 10 n t ’ , r e p r a ’r m t v , m ] I i e s  ~ s i n g le  d e t e r r - i r a ~ H~~~~~ •
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burn sera were added to PNHS were not significantl y lowt r than those of t i ~~u;ad
when a complement deficient serum was added to PNHS . This observation lcd us
to initiate a series of more extensive experiments on larger numbers of p~;tierrts
to deternine the cause of reduction in C3 conversion and the relationship be-
tween reduction in C3 conversion and septicemia in  burned patients.

Conversion of C3 by inulin was measured during 62 diva postburn in the sara
of nine patients (#8 to 16) who had no evidence of sys~~ mic microbial infection
as documented by negative blood cultures (Figure L ) .  An additional ;‘c;~-c ation
of seven patients (1117 to 23) with septicennia as documented by po~~itiv e- blood
cultures and clinical findings was studied for 58 days pnstburn (Figure 5).
Refer to Table 1 for the clin ical characteristics of the patients. Th~ patients
fell into four groups as follows : (~ ) those with normal C3 conversion for the

duration of the study (Patients 15, 2],, 23); (b) those with abnormal C3 cl uver—
sion for the entire study (Patients 10, 13); (c) those with normal C3 conversion
initially which became abnormal during the study period (Patients 8, 9, 11, 12 ,
14 , 20), and (d) those with abnormal C3 conversion initially which was normalize2
d u r i n g  the s t u d y  per iod ( P a t i e n t s  16 , 17 , 18 , 19 , 22 ) .  T h t - r e  d id  not  appea r  to
be any r e l a t i o n s h i p  between C3 convers ion and s e p t i c e m i a , s ince  the  d i s t r i b u t i o n
of s e p t i c  and n o n — s e p t i c  p a t i e n t s  w i t h i n  the  g roups  was e q u a l .

The a b i l i t y  of sara with reduced C3 conversion frets septic and non—septic
patients to reduce C3 conversion when added to PNHS was next determined . Ten ~l,
20 i,m l , and 50 p1 of burn sera were added to 50 p 1 of PNHS , the volumes were
equalized with Cm 15M saline , and C3 convers ion by 10 mg/ m l of inulin was treasured .
Controls for the experiments were as follows : (a) untreated PNHS added to PNHS ,
(b) fac tor B depleted normal human serum (RB) added to PNHS , and (cr ) factor D
depleted normal human serum (RD) added to PNHS . For each patient, the temporal
sequence of C3 conversion by inulin and C3 concentration are shown in the left
figure (Figure A), and the inhibitory activity of multiple sera from the patients
in comparison to the controls is shown in the right figure (Figure B). The
numbers follow ing the lines in the right figures indicate the postburn day serum
which was tested in the assay. Figure 6 shows the data obtained on the non-
sep t ic burned patients. With the exception of serum obtained on day 2 1 f rom
Patlerm t 14, the C3 conversion values obtained when burn sera were added to PNdS
were equal to or greater than the values obtained when the complement deficient
control sera were added to PNHS. In addition , no correlation between C3 concen-
tration and C3 conversion in the burn sera was demonstrated .

Identical results were obtained with the sera from the septic patients
(Figure 7). Burn sera added to PNHS resulted in CJ conversion values equal to
or greater than values obtained when the complement deficient control sara were
added to PNHS . Al so , no correlation between C3 concentration and C3 converting
activity in the sera was demonstrated . These r~ su1ts indicated that reduction
in C3 conversion In the burn sera was caused by a deficiency of critical normal
serum proteins required for C3 conversion and not to an inhibitory activity.

To determine if reduction in C3 conversion in the burn  sera was caused by a
complement deficiency, three different sera from Patient 13 were supplemented
with increasing concentrations of heated PNHS (56°C , 30 minutes) or untreated
PNHS. At a concentration of 50%, untreated PNHS r es to red  C3 conversion by
inulin in the burn sara to normal (F igu re  8). In contrast , hea ted PNHS (A PNHS)
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FIgure 4. Conversion of C3 by Inu lin In sara obtained from nine non—septic
bu rned p ;mt ients during 62 days postburn . The shaded areas represent
the range of C3 conversion for 20 norma l Individuals (mean ± 2 S.D.).
Time nnmmhe rs following each line represent patient nmnmb ers. Refer to
Lm b l a  1 lia r cl i nic a l charact eristics of the patients. The points
r s ’ p r u ’ s - n n t  mean  v a l u e s  of dup li cate det erminations , and each vertical
l m , t F  : m - f n u ’ - . ’ u n r s  t im e s t a n d a r d  error of t h e  mean .  The a s t e r i s k s  f o l l o w —
inig t i m e  patient numbers indi ate that the values for C3 conversion
In the .’ ‘-,er a  w er e  derived from single determinations.
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Fig mmre 5. Conversion of C3 by inn] in in sera obtained from seven septic burned
p a t i ents during 58 days posthurn . The shaded area represents the
range of C3 conversion for 20 norma l i n d i v i d u a l s  (mean ± 2 S . D . ) .
The mnmmm b r ’ is following each line represent patient numbers. Refer to
Table I for clinic a l charact eristics of the pat ients. The points
represent mean values of duplicate determin ations , and each ver t ical
bar represents the standard error of the mean .
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Figure  6. Temporal sequence of C3 convers ion  by i n u l in  and C3 c o n c e n t r a t i o n  in
th e sera of six non—septic burned pat ients , and the inhibitory ac-
tivity of multiple sera from each patien t. C3 conversion by in u lin

4’ and B antigen of C3 concentration in the sara are presented in Figure
A. C3 c onversion values when Increasing concentrations of burn sera
were added to PNHS are shown in Figure B. The dotted lines in Figure
B represent the controls: (a) untreated PNHS added to P N}IS ( .— - — . ) ,
(b) factor B dep leted norma l huma n serum ( R B )  added to P~ HS ci - ——.) ,
and (c) factox D dep l eted norma l hmiman serum (RD) added to PNHS ( x - — — x ) .
The numbers followIng the lines in this figure represent the postburn
day serum that was tested In the assay. Sc’rmmm obtained on day 24 from
Pat Ient 14 is referred to by tim e designation (A—A). The points
i~epr esm~nt mean values of three or more dete rminations.
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F i g u r e  7.  T a m i m i m i ; m l s e q n m en c e  of C3 c o n v e r s i o n  by i n u l i n  and C3 c o n c e n t r a t i on  in
t h e  sar a  of f i v e  se p t i c  burned  p a t i e n t s ,  and the inhibitory ac—

i v i t y  of m u l t i p l e  ‘;era fr o m  each p a t i e n t .  C3 c o n v e r s i o n  by i n ul in
and B a n t i g e n  of C3 c o n c e n t r a t i o n  in  t he  sera are presented in Figure
A.  C3 - mnv m ’r slo n valu m es when incre a sing comn ent rat Ions of burn sera
were added to PN PI S ar e  shown in  F i g u r e  B. The dotted lines in Figure
B r a p n m ’ s m ’ n t  the -m nt rols : (a) m i n t  rc’atpd PNIIS added to PNIIS (. --- -— .)

(b) f.u- tor B dep leted norma l Im usm n i an s m ’ r m m n n  ( R B )  added to PNHS (S --- -I)
and ( c )  f a c t o r  D dep l e t e d  n m , r m a  I hum nna n , m ’ r m j m  ( R D )  added to PNHS (x— - — x )
Time nu m bers following the lines i n  this figu re represent time pcmstburn
d m y um . rmmm that was tested in the assay. The points represent mean
va l  m m m ~ t; of three or more dot en  mmm i f l a t  iO f l S .
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Fi gm ure 8. Ci c o nv e r s i o n  by i n u l i n  i n  sera from Patient 13 supplemented with un—
tr e ated PNHS ( . — - — . )  or APNHS (56°C, 30 minutes) (s—. ) The numbers
followin g the lines represent the postburn day serum that was tested
In the assay. Untreated PNIIS added to PNIIS (~ ---I), and APNHS (56°C ,
30 minut es) added to PNHS (I ---.) served as controls b r  the experi-
ment. The points represent v almi m ’ s of single determinations.
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w h i c h  I - mu  k u ’ d  ~ i i  int a ct c o m p l e m e n t  sy s t e m  did rmot r e s tor e  C3 (-( r ivm’ r ,j on b-i m ii i m i
in the- burn sara t o no rmal or even t o  the levels obta i ned when I, P~~ii~ wa ’  added
t o  t in t  r e a t e d  P NHS.  These result s m d  Icated t h a t  r e d u - t Ion In C3 convers ion In
the hni rn se r u m  was au sed  by a do f I c I ency of one or more complement c omponents

Onmr nm xt m ’ x J i m ’ r I t i m - l i t  s we r€’ des i gn ed  t o  pr ov i d e  pr e li m inary evidence ’ reg;i rd I
t he i d e -’n t i t y  o f  t h u  d e l  i (  l u ’ m n t  c - o m I u l r m u ’ n t  pr otein or proteins causing r a d i o  ad C
conv e~r s i on  by inu l in in t int ’  burn sara . t n t  rm ’;nted PNIIb w a s  frau tion ;mt ed by m i l e —
cmn i a r sieve cim r u mm ;m t m;’ , ra t i F y on St’phadey. 0—20 0 or Se ’1ui iad ‘y, (,—7 5. Equal ~)fl rts c~f
exc 1 mmd ad i i  r i rm ( I u i d e d  T m > ’ ;  k s and bu m n  se r a I r in P a t i e n t  1 3 were  m i x e d  t oge t i e r  , and
C3 c on-jersion i m y 11) m g / m i  of m mii In was me’asnired after ~> (, m i n u t e s  of  l o u  u b ;m t ionj

at 17°C.. Time ’ cxc lnl (l tud and inc I ude u d i i m ’ ; i ~ S f r on> Sep l n r n d m ’ x  ( —2 0 0 f r a c t  i n n a t  ion of
i’~~}f ~ r e s t o r e d  C3 o l i v e  r s i on  i n  t h e  b u r n  sara  to  norma l ( T a b l e  2) . These ’  r e su l  t ;;
in dicated t i n ; m t  p r ’ u t u i r n ’ g r e a t e r  and less  t h a n  200 , 000 d a l t e n u - , we re  deficient in
t h e  b at  l en t  ‘ s se r um , m u ’ -, i n ~’ reduced C3 i nnvu’ rsiori . Only t i n > ’  e x c l u d e d  f r a c t i o n
t r o t -  t h e ’  ( ; — 7 ’. I r i ict  j on ;m t ion of PUll S r u st orad C3 conversion in t he  burn s’ r;m t i

n m r m ; m l , m i T  at I i i ; ’  h u n t  proteins over 7 ’ , 1~~ (i d ;m l t r n n s  w e r e  d e f i c i e n t  i n  t h e  p a —
t i m - n i t  ‘ s e ’  r u m . V a u n t - ;  o b t a i n e d  when t h e  in l u i d e d  b e a k  f r o m  0—7 5 fr ai’-tjc,nation was
.uuI ’ Im ’ ’ I to the hm u rn sera were greater than t h o s e  obta m e d  for unsupp i emented born
su’ r ,m ‘l ii e ’ ,e resn il i s  m d  i c a t e d  t h a t  one or more proteins of less than 75 , 0(d)
tl ,m I t (mn s we’re alscm I o n i t  r l l u u i t  log  t m  r educ’ t Ion in C3 conversion in t h e  bu rn  sera

I n  a ll of tim>’ E ’ X i m e r i r n m e ’ n t s  w h i c i m  we have performed to  d a t a , Cii coni vu ’rsirmn has
on l y h a u ’ n u  u ’ v ; m i n o t e d  m i t  i i i  z ing reduct i o n  In t h e  B ant fge’nic determinant of C3 as

l i e  ;~ i r . m r n m e t u ’ r  f o r  n n i m ’ ; m s u r i n g  Cii c o n v e r s i o n , and  i n u l i n  has been used as t h e  o n l y
i ,‘ , m t  ing -,u mhs t ;m nt a .  Our n e x t  e x p m ’r i m e n t s  were  d e s i g n e d  to f u r t h e r  e v a l u a t e

t hc ’ f n tu ’ ,~r f t y  of the complement s y s t e m  in t h e  b u r n e d  pat ient s using additional
n u ’ t l m o d s  and a c t i v a t i n g  subs t ances .  Cii and C5 l eve l s  and C3 and CS c o n v er s i c m n
F - ~’ m m i i  i n  in  b u r n  ‘e r a  t re’ate’d with 11) mM ethylene giycc )l tetra—;o e’t ic acid (Eo’JA)
and 1( 1 inN Mg (;l 2 and in innt ra ;uted burn sera were measured Ut I Ii zing standard henna—
l ytic method s. Treatment of the sera with ECTA and magnesium was used t o  b l o c k

I a ‘,s I ’  ;m I p a t l m w a y ;m t i v i t y .  In add It Ion , C3 conversion by cobra venom factor
( ( , o V F )  w;m t-, r n e ’ ; m u u u m r e ’ d in the burn sera Ut I 1J z i ng  t h e  B a n t  ig en  ~ f C3 reduction
a’- ’ay .

l i n e > r regress i ( > 0  a n a l y s e s  were  p e r f o r m e d  f r o m  d e t e r m i n a t i o n s  cmii m u l t i  p 1 > -
‘ u - r i  u d n  - m m m d  fr u mm J ’ . m t  j m ’ n t s  i i  to l u . T m m u n w - h e m i c ;m l c o n r en t r a t  i o n s  of C i  and
( ‘ i u r r m ’ i , m t  m d  well w i t h  co nc en t  r at i o n s  oi these protein s as measured by Imemol yt it
me t l u u u l s  (Fj~ m mru ’ 9), The data were converted from CH 50 units/ml (hemolytic aSSayS)

I r m : ~ rn ;~~ and u n i t s / m i  ( i n n n n n u n o c h e m i c a ]  a s s a y s )  to pe rcen t  of normal  mean
v . i l ’ i ’  s n • m l l o w  - o m p ; i r i s a m i s  to he made between t h e  a s says .  The r e s u l t s  I n d i c a t e d

I~ m t  I i i  ~‘, i m > ’  r l u l l  m i n t  .m ~’ u ’ n- , were  o b t a i n e d  w i t h  t h e  h e m o l y t  I c  a s says ;  the  , igher per—
u en i t.m ;’ u’s did riot fmowe’vu’r affect time r o r r m ’ l a t  i o n s .  C o n v e r s i o n  of C3 by inulin in
t 1mm’ burn sara n u t I Ii z. ing the’ i m e m o l y t i c  and B a n t  i gen of C3 r e d u c t i o n  assays  a lso
c m m r ru ’l i t  act wm ’ l  1 (Fi gore 10). ConversIon of C3 by inul in in the burn sera also

o r  r u - I m t ed WI t i m 0 conversion by a’i m t i m e ’ r  known act ivat ing substance of t h e  alter-
nativ e comp l em ent i ;m n t m way , CoVI- (Fi gmire 11). Correlation between C3 and CS
-i m n n ver s lo n by in m u l i n  In the burn sera ut i l i z i n g  the hemol ytic assays was also

sigr mif f (-ant (Ff g m m r u ’ 1 2 ) .  Uemo lytfc C3 and CS conversion by inulin in untreated
burn sm’r ,m corr elated wit h C3 and C5 c onversion by inu l in in burn sera treated with
E(TA mmmi i MgC I 2 (MgEGTA ) (Figure 13). Values for C3 conversion in MgEGTA burn sera
wer e’ m ’quuiv ;m i€•n t t o  thosm ’ In untreated sera , however CS conversion values In MgEGTA
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Table 2. Restoration of tIme Ci Convert I n ~ tu ( t ivi t y of ‘-~er ;m f r on t
b ;m t l i n t  I ’l w i th Fr a - t ions of  P N I IS  J ’ r e ’ I m ; m ru ’d hy M o l e c u l a r  S i e v e

CIm romat i~~ra1n1y

Ct (;onvcrsion (%)a

Se1mh ;mdex (;—2OO~ Sephade’x 1;— 7’ill

No i r a> t i mn i ; it j u n  1-r un t jormat lon I-’ractionat j o n u

Is ‘ i  h um n m ’ N c r  u rmn~’ S e r u m  be r u m  Se rum Se r u m  S m ’  r unn
I) ay Al o r > + l’N}lb + LI ’’ ’ + 11,1 + EPt’ + IP I

4 6 4~ 54 4~ 
(~)~ 21

(m i’ 16 71 8 54
I I  3/ 54 (m )- ~ 65 82 47
i d  3 ( i  4: 62 5(3 62 ‘33

i ’ m 40 ‘m > l 49 65 ‘> 7
1,1 41) 52 ‘

~~~~ 59 6 ’ m 51
44 28 46 63 54 6d 4 5

F ’ N i l b  64 64 /6 75 71 44

°V;m l ot’s obtain ed from a single dc ’term in .mt ion are- r e p r e s e n te d .

bFi fty percent of t h e  des i bru;mt eci fract ion was added ten 507 of
burn  sar a  or }> N i fb , and C- i conversion by 10 mg/mi of Inu lIn vu’s
measured .

cpr )sthmm rn day releres to the postburn day serum tested in the
;ms s ;myu ,.

d P e r c u ,~ut  o f  C3 cc,nvers ion by i n u l i n  In u n s u p p le m e n t e d  burn  se ra .

t l - P  = c - x e  luded peak after f rune t ion at  Io n  of PUllS

= included peak after f rac’ tl on at i-nn of PUBS .
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f’i l ’umr (’ 9, R el ,mt i m n , i i  i p  b m ’ t  ween r m u r u - c - n t  r a t  Ion s  of C3 and CS In  sera f r o m  Pat Ients
I I t o  1(  nr , i - , m ’ , im r e . d b y i m u i n n m m n m n  h a m  i ca l  and henimol y t Ic methods. The co—

c ’ f  f I i m - n m t  m m f  1 in”,ir m m mr ru ’ lat ion (r) for the C3 deterrnl nat Ions was
0.460, mmmd t ime p v al m i m ’ was 0.01. The r value for the C5 determin ations 4
was 0.339 , and t Ime p value was 0.049. The points represent mean
v,i l m m m ’ s  of dmm p i I i  m l > ’  m u - !  i ’ m u i m j r m , m t  ium n m ’ , for m u e  I> functio n , t

31

t

- - - - - - 
—



_ 250 — r~ O.643
U
H p 0 001

200 -
— .

— o

C

.2 100 -
1~

> 0
C Z 

~~~0

r~
)

0 1
100 200

C3 Conversion by lriulin(H)
% of Normal Mean

ç 1C Immunochemicol
H Hemolytic

FI g u r e  10. R a l a t  I u i ~i~~h I p b e t w een  CI o n V e r ’~ i o n  by I nm u l i n n in Sara f t - a m  P a t  I cots
13 to 16 mit I i i  z lu g  t h e  ~ m m i i  I ge r m of C3 r e du n  i i  nun and ht’mo l yt ii
;m ’-.says. The com ’ff Ic Ic— ru t ( i t  I i r m u ’ o r  ~~~m r  r e i a t  ion (r) was 0.643, and
the p value was 0.001. TIme p o ints rm - l rc’ sm ’ nt mean values of dupli-
cate detenn l rnat Ions for eam in fmmn c t ton .
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Figure 11. Relationshi p between C3 conversion by inu lin and C3 conversion by
CoVF in sera from Patients 13 to 16. Measurement s using bath
activat ing substances were obtained ut ilizing the B antigen of C3
reduction assay. The coefficient of linea r correlation (r) was
0.471, and the p value was 0.009. The points represent mean values
of dup licate determinations for each function .
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Figure  12. R e l a t I o n s h i p  between C3 and CS convers ion  by in u l in  in sera f rom
patients 13 to 16. Hemolytic methods were used for all determtha—
tions . The coefficient of l i n e a r  c o r r e l a t i o n  ( r )  was 0.361, and
t he p va lue was 0.04. The points represent mean values of duplicate
det erm inations for each function .
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F i g u r e  13. R e l a t i o n s h i p  between C3 and CS c o n v e r s i o n  by in u l in  in u n t r e a t e d
scra f r o m  P a t i e n t s  13 to 16 and In  the same sera treated with EGTA
and supp le ment ed with MgC12 (MgECTA). Hemolyt ic methods were used
for all determinat ions. The coefficient of linear correlation (r)
for C3 conv ersion in untr eated and MgECTA sera was 0.663, and the p
val ue was 0.01. The coefficient of linear n nm rr p lati on ( r )  for CS
conversion In untr e ated and MgECTA sc-ra was 0.466, and the p va lue
was 0.01. The points r ep r esent  mean values of duplicate determina-
tions for each function . 
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sera wa rm- low- r than those in untreated burn sara . S i n c e  l~~s’-i ~~al path wa y ;ictl—
v a t i o n  is blocked in MgE GTA sera , t h e  r e s u l t s  i n d i c a t e d  t h a t  C3 c o n - I c - r s i u n  by

inu lin mea~ ’ired alternative pathway activity, and that CS conversion by i n u l i n
rn~’;t ’-,urcid classical as well as alternative pathw;ny a (tivit y.

To furth er examine the function ol activities f f~~m t o r s  B and ,~ a~ud t h u
total ,m] ternati’;’ (-(implement pathway, l I ’ I [ I r u l  y t ic r ; m d  I ol  i c r  in odi ffui s on :m~~~s ; m ’~’ m .

were set up ;nccording to previously published m e t h o d s  (62 ,6-i). Ut ili z i r l h the s-i~- ’-
lots of aU;lrose , guinea pig erythrocytes , and other rea~’ents , a wid e variabilit y
in results from experiment to experiment was obtained. Three different experi-
m e n t s  on ten nr,rma l individual sera for the total alternativ e pathway assay are
shown in Table  3. As shown in Table  4 , purified humai factor B rest (mr’-d hemoly—
sis to norrr,d l in the factor B hemolytic ass ;my, however the results on_the normal
sara m 0 0 0 g  experiments were not reproducib le. Purified human factor D did not
restore fmemolysis in the factor D hemoly tic assay, and the repr oducibility in
t h e  resm ilt s amon g experiments was extremel y poor (Table 5 ) .  For these  reasons ,
the hemolyt ic radial Imnaunodi ffusion assays were not used to evaluate the alter-
native comp lement pathwa y in the burn sera.

h. Discussion

The observations reported in this stud y ref uted the hypothesis that
reduction in C3 conversion by inulir in the burn sera was caused by elevation of
one or more regulatory proteins of the alternative comp lement pathway. C3b INA
and ~lH are regu lator-i pr ot elms of the alternative pathway, and if present in
elevated amounts in serum , c o u l d  cause  i n h i b i t i o n  of C3 conversion . C3b INA
inactivates C3h , thereby inhibiting the amp lification loop of the alternative
p a t l m w a - f o r m e d  by t h e  C3 c o n v°r t a s e s  C3b , B and C3b , B , P (64—67), B1H potentiates
the ir i ;m rti va t ion of C3b by C3b INA and , in addition , directly i n h i b i t s  C3b and
th e activity of the alternative pathway convertases C3b ,B and C3b ,B ,P (22 ,23) .

‘~o correlation between reduction in C3 conversion by inulin and elevation of
sl it and/or C3b INA in multiple burn sera was demonstrated , No significant dif—
ferc’rnces were observed between the ability of burn sera with reduced C3 conversion
and (‘(implement defi -le n t normal sera to inhibit C3 conversion by iriulin when
add ed in irm creaslng concentrations to PNHS. In addition , euglobulin fractions of
hm mrn sera were found to inhibit C3 conversion when added in increasing concentra-
t ions to PNHS , however the inhibitory activity of the eug lob ulin fractions was
found to he unrelated to the original C3 converting activity of the burn sera .
This observation also rmmled out the possibility that burn injury altered a normal
euglobul in protein to a configuration with regulatory activity, thereby inhibiting
C3 conversion .

Several pieces of preliminary experimental evidence support t he  t h e s i s  tha t
reduction in C3 conversion in the burn sera was caused by a deficiency of critical
norma l comp lement proteins required for C3 conversion , Restoration of C3 conver-
sion by b ul b in multip le burn sera was achieved by addition of PNHS . PNHS
heated at 56°C for 30 m inutes to des t roy complemen t ac t iv it y did not res tore C3
( u m f l V t rS i on by innmlin in the burn sera to normal. More than one complement pro-
t ein u , u i m s m ’ d  decreased C3 conversion in the burn sera , one or more pro teins w ith

m oIc• u m ] . m r  weight of great er than 200 ,000 dal tons and one or more pr oteins w ith
a m ol m -c- m nl.i r we i ght of  less than 200,000 dal tons. This conclusion is based on the
experiment al observation tha t restoration of C3 conversion by inulin in multiple
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T a b l e  -I .  Flemol yt  it Radial Immumod illusi on of t i m e  Tot  a I
Alternative Pathway In Ten Norma l Sar a

P m , r c e n t  of No r n m ;m l

Sera Experiment I Experiment 2 }~xpe rIrnent 3

10 98 160 106
1 98 68 106
1 98 9() 132
4 87 120 106

50 68 106
6 98 90 132
7 152 90 132
8 112 160 132
9 126 200 82

10 152 120 106
126 120 82

aNumbers refer to the normal individuals from whom time sera
were obtained .

b pN [Is pooled normal human serum .

37

_____________________________ a



Table 4. llemo l yt ic _Rad lal I m mu n o d i  I l u s i  n o l  Ilm e I- m it t Iuiim ; m l
A - t  i V 1 t ~)1 (11 I nctor B

~;cr;m or Percent iii Norma l
Pur i f i e d  - -— - - 

, ~~~~~~ 
-
. 

- 
- i~xperim ent I Experiment 2 Lxperimcnt I

Protein

82 50 120
2 50 25 100
3 25 36 74
4 < 25 142 110
5 50 74 84
6 25 25 159
7 < 25 50 150
8 220 40 59
9 100 142 50

I t’) 50 50 72
100 105 125

I’NH St 61 150 100

d N b  r e f e r  to the  norma l i n d i v i d u a l s  from whom the sera
we re o b t a i n e d .

b FR = p u r i f i e d  human f a c t o r  B.

CPNHS = pooled normal human serum .
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Table 5. Henol,yt ic  Rad i a l  Inimunodiffusion of t he
FU~~C t h O~~1 A C t i~~~~~~~Of Factor

Sera or Percen t of No rmal
Pur ified ~~

— - - — —— - -— _____

Prote in Experiment 1 Experimei’t 2

100 88
2 100 100
3 180 100
4 122 100
5 150 240
6 150 200
7 180 66
8 150 200
9 180 2 20
10 180 150

0 0
pNI!S c 150 97

aNumbers  r e f e r  to the  normal ind iv idua l s  f rom
whom the sera were obtained .

bF~ = purified factor D.

CP~ }1S = pooled normal human serum.
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burn sera was achieved by Included and e x c l u d e d  peaks of PNFI S a f t e r  Sep h a d ex  (;-
200 or C—iS fractionation.

11 m m- m o s a y  f o r  m e a s u r i n g  C3 conversion u t i l i z i n g  r e d u c t i o n  in the  B an t  i g en i c
determinant of C3 which has been used throughout our studies correlated well with
standard hemo l yt ic assays utilizing EACf~2 cells and purified classical comp le-
ment components (68). Util i zing the B antigen reduction assay, results obtained
when Inmi lin was used as an activating substance correlated with results obtained
when CoVF was used as the  activating substance. U t i l i z i n g  hemol y t i c  assays , con-
v er s i o n  of C3 by i n t i l i n  c o r r e l a t e d  w i t h  convers ion of C5 by I n u l i n  in the  bu rn
sar a .  The C3 convers ion  assays were shown to measure alternative comp lement
pathway activity, and the CS conversion assay measured classical as well as al-
ternative pathway activity. These observations strengthen the concept that an
abnorma lity of the alternative complement pathway is caused by burn injury which
b l o c k s  the  p a t h w a y  prior to the C3 conversion step.

2 . Studies to determine the association between se,pticemia and changes in
cornp lenient and opson Ins in burned_patients

a. Results

In our previous preliminary studies , reduction in the immunochemical
levels and functional activities of components of the classical and alternative
comp lement pa thways was associated with septicemia in two burned patients
Studies on a group of five additional septic burned patients showed that reduction
in the classical complement pathway occurred prior to and during septic episodes
in three of the patients (16). In the other two patients , decreased classical
p a t h w a y  a c t i v i t y  was also demonstrated prior to the developement of septicemia ,
but not consistentl y during septic episodes. Reduction in the functional activi-
ty of the alternative comp l ement pathway was not found to be associated with
sep ticemia in any of the five burned patients in this study group.

Reduction in classical complement pathway activity did not reduce the opsonic
capacity of the patients ’ sera for the specif ic microorga n isms caus ing inf ec tion
( 9). In only one patient , consumption of components of the classical pathway oc-
curring during septicemla decreased the opsonic capacity of the patient ’s sera fm r
her own infecting microorganism , an isolate of Escherichla coli; sera from the
same patient which could not opsonize E. coli opsonized her infecting strain of
Staphylococcus aureus  normally. The microorganisms which were isolated from the
other septic burned patients and used to test the opsonic capacity of the patients ’
sera were also , with one exception , strains of Sta_phylococci. Since there is evi—
dence that. S. aureus can be opsonized by normal IgG in the absence of complement
( 17 ,18), the lack of demonstration of reduction in the opsonic capacity of the
pat ie nts ’ sera for their infecting strains of Sta,phylococci might have been related
to the lack of a requirement  for complement  for opsonizatlon of the strains.

The objectives of the present investigation were as fo l lows : (a) To deter-
mine If the classical comp lement pathway was consumed preferentially during sept—
Icemia in burned patients , or if alternative complement pathwa y consumption could
occur as well; (b) to determine under what circumstances the classical pathway was
not consumed during septicemfa; (c) to determine if the classical pathway was
a lways reduced during the Initial postburn period in patients who later developed
sept h ernia; (d) to determine if reduction In serum opsonic activity occurred for
ce rt alum inf ec ting bacteria and not for others , as was observed in our previously
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stud led g rou p  of s e p t ic  p a t i e n t s ;  (e) to ev a l u a t e  t i m e  m i  f e c t ~ o f t h e  adm i  n i m . t  r;i—
t ion of b lo o d products on the  observed c ima nge ’; in humora I f i n -  t o  r ‘, in sept i and
non—septl ( burned patients and on the outcome of t h e  i n f e c t i o n s  in the septic
p at  i e nt s ;  (f) to provid e a d e t a i l e d  s tud y of t h e  functional integrity of time
alternative pathway i n  septic and non—septic burned patients; and (g) to p r ov i d e
Information about the i mnmunochem ica l content rat ions of class ira 1 pathwa y c o m p o—
nents in non—septic burned patients , m ;Ince in our previous studies onl y fmm n c ti omm ; m l
activity of the clas sical pathway was measured in this patient p op ti lat l orm .

Nineteen pat  i en ts  w i t h  severe the rma l  injury were followed durIng 9 w m ’el - s
I u m s t h u r n .  Patients who appeared to be at the greatest possible risk of lri~ e c t iir i
hmo a t m s m ’  of burn size or age or both were selected for the stud y. Serum samples
were i b t  m ined  f rom t h e  pa t  l e n t s  as soOfl ; m f  tar the injury as possibl e aimd then a t
weekly Intervals. in t hose patients who developed septicemla , serum samples were
also o b t a i n e d  two a d d l i  i n n a l  t i m e s  per  week u n t i l  blood c u l t u r e s  be came nega t  ive .
Blood c m il t m mr . s were drawn on all patients at least one time per week by our staff ,
and additiona l blood cultures were drawn at the discretion of the attend in ,’
physi ions. This procedure was adopted for the purpose of documenting negative
as well as positiv e rm ul tur es obtained on the patients. Septicemia was documented
by clinical findings and positive blood cultures. The clinic a l criteria used
for the diagnosis of septicemia were (a) chills and fever , (b )  tach ycardia , (c)
hypotens lon , and (d) disorientation.

Seven of the nineteen patients had positive blood cultures during their clin-
ical m ourse . Clin i c a l signs of sept icemia were documented in all of these pa-
tients , when blood cultures were positive . Clinical charact eristics of thi s group
of patients and information regarding bl ood cultu res are given in Table 6 . The
othe r 12 pat Ients had negative blood cultures. Cll nh -a l characteristics of this
group  of b u r n e d  p a t i e n t s  a r e  shown In Table 7. Eight of the  twelve non—septic
pati ent s (I/ S to 12) died wIthin 6 days postburn . Since only one serum sample was
obtained on each of t he se  patients , the data on th’ese samp les have not been in-
m inded in this report. The deaths of the eight burned patients llm it e~d our popu-
lation of non— septic I milt ients . However this problem was not unexpected , since
we had selected onl y h i g h  risk patients for our study. Data from the non—septic
patients will be presented first , followed by the data on the septic patients , to
allow appropriat e (‘orlmparisons between the two patient populations to be made.

Total hemolyt.ic comp l ement (CH50) fell within the normal range in all of the
non-septic burned pati ent s for the duration of the stud y, despite decreased inununo—
c h e m i c a l  l evels of Cl q and C2 i n  the sera of P a t i e n t  2 d u r i n g  10 days postburn
(Flgm ire 14). The m nmm um nochem lcal level of C4 was found to be norma l in all of t he
pati ents i c r  t i m e  d u r a t i o n  of the study. The inununochemical level of native C3 was
a lso  f ou n d  to he norma l In all of the patient s for the entire stud y period (Figure
15). However , the’ inmmun ochemlcal level of CS fell below 2 standard deviations
from t h e  norma l mean In Patients 1 and 2 during 30 days postburn . Functional
l e t  iv ities of C3 and CS w e ’r e a l s o  measured in the sera of the four patients by
standard hemolytic methods. The norma l ranges for the assays were so broad tha t
only I st mnd .ird deviation f rom the norma l mean could be represented In the figure.
All of I In j i t  l e nt s  had norm a l or e leva ted  C3 and C5 u s  measured by these methods.
Tim. ’ ., r m ’ ; m u l t s  ind i cat ed that the functional activity of CS In the  sera of Pa—

i m ’ r m t ~~ 1 and 2 was normal , despite decrease in the concentration of this pro—
t u i n  mlmi r i ng 30 days postburn. This concept is further supported by the observa-
t ion that t o t a l hemolytic comp lement , a collectiv e measurement of the functional
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FIgure 14. Trmimm inochc ’m lcal levels and functional activiti es of components of the
el;u ’-,si cal complement pathwa y in the sera of f o u r  n o n — s e p t i c  burned
pati ents du ring 50 days postburn . The shaded areas represent the
va ri ;ut ion In 20 i n d i v I d u a l  norma l sera (mean ± 2 S.D.). The Arabic
numerals following the lines represent pat ient numbers, Refer to
Table 7 for the cl inica l characteristics of the patients. The points
reprm- ’;0r1t mean values of dup licate determinations.
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Figure 15. Tmrnuunochem lcal and hemol y tic measurements of C3 and Cs In the sera of
four non -septic burned patients during 50 days postburn . The shaded
.ireas rm -[ resent the variation In 20 Ind iv ldm ial norma l sera (mean ±
I S.D. for hemo l ytic determ inations and mean ± 2 S.D. for i nimminochem—
Ical det. ’rmlnatlong) . The Arabic nmjmera ls following the lines repre-
sent pati ent numbers. Refer to Table 7 for the clinical characteris-
t i c s of the patients. The points represent mean values of dup l icate
(Iclerminat ions .
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a cti’ ,it Ic-’, i, f hi to  C9 , was  norma l i n  th e -  sera C , f  PO t  i c - F i t  s I arid 2 d c — p i t . -  m l m ’ —
c r . - , m ~a’d i rn inuno h em li -al levels of CS a n d / o r  Cl 9 and C 2 .

N - i ’ . - r d i r i  I I I  i f l t  of t h e  f o u r  pati e nts was d m - - r m ’ ; m ’, m - d b c - l o w  2 C.;t ;mnd ;mr d d c i i —
~~? f o r m ’ , I rorm i t i m i -  F e i n T - I  I 1 1 i 1 ’ ; m n  d u r i n g  2( 1 day s  posthurn , ar i d  i n  t h e  o t h e r  t i m r , - i -
p a t  I m - , m t  ,, , 1 . -I I flm-I ‘.‘~~ t i c ’ m m i i  r r~i , m I mt-an va [tie m i n t  II t 1mm- 41’~ t t o  59th 1~( i s t  h i  r I m  ‘i ;m

~~~~~~ 
I t >d (f-i ; ‘i i t . -  1 1 )  . C Ii I NA and  I actor f~ I eve is i ci a II of I he p a t  l e n t  s we rc-

no rma I ‘ C r  m ’ l c - v , j t e d  d i m r i r m ; :  t h e  4 - n t  i r e  m~tud y p e r i o d .

I i z i r m ; ~ r c ’ d m e  t i - mn i n  t h e  B a n t  igen ic  d e t e r m i n a n t  of (~~ b -y r - m ’ I  l a l  i u I m ’ i i r l o d i —

h i s  i i i r ~ as  a m e thod  f or  m e a s u r i n g  (3 convers ion , Patient 1 had rm-d uc ed C c on v e r —
n j i i f l  b y I r i i i l  i n  d u n n;: 5 d a y s  p o st b u r n  and by cobra v en om factor ( C o V f  ) d u n  i n g  h u i
r I a y ’~ ii~~ t hI rr i ; C)  on v er s i on  by both activat ing su b s t a n i  - ‘~ i n  this pi t  .‘nt ‘ - . ser l
was  r ’ ’ ’t o r e d  t o  norma l thereof ter (Figure 17) . P~~t 1 en t  2 had n or m a l r: -i ~~~~~ r~; i ( ’ r u
by  i n i l  i n  - m m m d  CoVF u n t i l  t h e  21st to  30th p o s t h u r n  day  p m-r od w h i c h  was ‘ ; t i h i ’i t - r  e n t —
ly r . - ‘ ~ t ‘ C r 1 - r i  t C i  ni,rmjI l . Pat ients 3 and 4 had norma l C3 c o n v e r s ion  by bo th  ;j ct  iv 1’i—

r u ; ’ . ‘ ; C i f i -i t - m r ) r C ~ f o r  t he  d m i r a t  ion  of the  s tud y u t i l i z i n g  t h i s  m e t h o d . The hm-’mCi l yt ic
an. ;a- /  f o r  rrI e-as C irLn g C I  conver s ion  by in u l in  y i e l d e d  d if  f e r e n t  r c - s m i l t s , al  t i m o u m ; - , h i
t t m m -  t r#-n ’Is were the same . C3 conversion by inulin wa-s reduced in Patient I durin ;~
31) d a ’~r~ p u t t  bu rn  and was subsequentl y normal ized . C3 c o n v e r s i o n  w ;m d . - c r - ; m s e d
d u r i n g  t h€ - 2 1 st  to  3 0 t l m  p o s t h u r n  day p e r i o d  in P a t i e n t  2 , a l t h o u g h  I t  r e m a i n e d
w i t  hll ~ t i C e  norma l r~mri gc’ . C3 conversion by m mii in in Pat ients 3 and 4 was  con~, i  n-i —

e n t  I ~ r i m  - rtrmo I f o r  t h e  dmi  r a t i o n  of the  s tud y u t 11 fz I ng this method . Tr c’ -’it men t of
t h i ’ -  h m m r n  ‘, m ’ r a  w i t h  10 toM ethylen e g lyi - ’i I tetra— acetic acid (ECTA) and 10 mM MgCl 2,

I f . l ’ m t  k - d  c l a s s i ca l  p a t h w a y  ;i t i v i  t y ,  did not sm ub sta nti a l ly red uc e C3 C o n —
v t ’ r ’ - l r i F l  h~ i n m i l i n  in  t I C ”  serli , and actu a ll y improved Cl converting activity during
t h u s -  f i r s t  19 days po’4thurn in Patien t 1. CS conversion was normal for the entire
st m i d y ~m m - r i o d  “ x ( - € - l i t  in  P a t i e n t  I during the 31st to 40th postburn day period and
i n  ‘ Si t i t - n t ’ - 2 and 3 during the 21st to 30th postburn day period . CS conversion
by  l u l l  in in EGTA— tr c-a ted magnesium supplemented sera (MgE(;TA—burn sera) was
nn i ;mr kt ’d l y reduced  in  P a t i e n t  2 during the 21st to 30th p o st b u r n  day  p er i o d , in
P ; m t  l i - m i t  I u n t i l  t he  31st t o  40 th post bu r n day period , and in Patie nt I for t h e
d ui r a ti r i n i of the study. CS conversion In MgEGTA—burn sera was slightly re du cm -J
hut f~ - 1 l within the norma l range in Patient 4. From these results the  followin;’.
co nc lui’ --Ions were d raw n : ( a )  Utilizin g two different activating substances and
t W C C diff e rent methods 11Cr measuring C3 conversion , C3 conversion was ;l r)nrirma l in
twm. ( C f  t h e  f o u r study patients; (b) CS conversion by inulin was frequently a b no r m a l
who-ri CI i C n m v e r s  ion by m i m i in was norma l and vice versa , and in only one patient
did u:i and CS m-iCr mv e rs lo n corn—late exactl y ;  (c )  C3 convers ion by i n u li n me asured
a l t . ’ r r i , m t l v e  pathwa y a ctivit y; (d) CS conversion by inul in measured classi cal as
we - I l a’ , ml t . - m n i ; u t  lye pathway activity; and (e) a wide variation in the results of
dupli ca t e - elm- t mr m i n a t j emns was observed using the hemolytic methods for measuring
1:1  and  CS o n ver s l o n , In  compar i son to the me thod f or measur ing  C3 convers ion
u t i l i z i n g  r m ~d mii- t ion In the B antigen ic deter 7m inant of C3 by radial iminunodiffusion .

Level s ,‘ind a ct i vi tIen ~ of classical pathwa y components in the sera of the seven
se p tic patients are shown In Fi gure 18. in all of the patients , CH 50 was markedly
reduced initiall y below the lowest value obtained In the non—septic patients (67%
of the norma l mean v a l u e ) .  Patient VI was the only patient in whom classical
pa t hway components Clq, C4 , C2 , C3 and C5 , as well as CH5O, were reduced fo r  the
ent i r e  stu d y period of 21 days. This patient also had the most severe bacterial
m im i lions with m olt ip im- microorganisms Isolated from all blood cultures which
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F i g u r e  16. Tm n mnmm r n ,i lm em l c al levels of factor B , prop erd i n , and C3b in a c t iv a t o r
(C3h INA) in the sera of four non-septIc hm irned patients during 50
days postbumrn . The shaded areas represent the variation in 20 m di—
v iduial normal scm (mean ‘t 2 S.D.). The Ar abic numerals foll ~ wing the
l imi t-s represent pati ent numbers. Refer to Table 7 for the clinical
ch aract e ri s tics of the pati ents. The point s represent mean values of
dup li ca te determinations.
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FIg ure 17. Functional activit y of the alternative comp lement pathway in the sera
of four non—septic burned patients during 50 days postburn . Conver-
sion of C3 and CS by Inulin in untreated burn sera and in burn sera
t reated with 10 mM ethylene glycol tetra-acet ic acid (ECTA) and 10 mM
MgC l~ (MgEr~TA - burn sera) was measured by hemo lytic methods. Conver-
sion of C3 by inul in and cobra venom factor (CoVF) in untreated burn
se-ra was also measured by reduction in the B ant igenic determinant of
C3 by radial i rnm unodiff mmslon . The shaded areas represent the variation
In 20 indIv idual norma l sera (mean ± 2 S.D.). The Arabic nume r.als
foll owing the lines represent pat ient numbers. Refer to Table 7 for
the cl ini cal charact eristics of the patients. The points represent
mean values of duplic ate determinations.
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F i g u re 18. i m m u n m i ( - I m e m i u - ; m J and  t u n c t i o n a l  activiti e s uf t h e  - I ; m s s i u  a l  c o m p l e m e n t
p a t  l uw a y  i i i  t he so ra C) I sc-von 210 1) 1 I I -  b m i rued pa t  ic -nt s during ‘~() days
post h o r n .  The leve l of (:1 mi , C/c , and C2 w e re  d e t er m i n e d  I m mu n l e  Ire - r n - -
l u - a l l y .  C I  and CS worm- rrmean-ai red by i mmmmnnc h emi ca I and hemo lyt i c
une- tim oci s. ‘I’Iie Rom;mn nunnme r ;ml s represent the p a t  lent numbers . Refer
to Table 6 for tire cli ni c ;u l c h a r a c t e r i s t i u - n - ;  c y f  t h e  patients. The
Va l ue s  ( i f  ri upi icate d et e r m i n a t i o n s  f o r  each f u n d  ion a r c -  presented .
(Ref c - n  I i i  p ag e -  6 9a I ( In  tIme Figure. )
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were ub ta iru ed after t h e  f i r s t  day  p o s t h u r n .  Pa t  l e n t  I I I  a l so  had o n i s l l n i p t i o n
of Cu i 1 , C4 , C? , C3 , CS and CHSO during the 20—day postburn period during which
she was st u idied , cxi e~pt during the 6th tcu 10th postburn day period ; the first
positiv e blood culture was not obtained on this patient until day 17. Patient
II b a d  m u l t i p le episodes of septicemi a during 10 to 29 postburn days , assm lated
with dec rease in all of the clasc ical pathway c o m p o n e n t s  during this time. Imur —
ing the 31st tu - 40th post burn day p eriod , the- clas sical comp l ement c’umpon erlt2
except C3 were decreased in this pat lent and during the 41st to 50th post hur ru
day period , all of the components were restored t o  n o r m a l v a l u e s .  P a t i e n t  1 ,
whose septic episodes occurred during day s 17 to 42 , had dc-creased CH 50, Clq,
C/., C2 , and CS , but not C3 , t h r o u g h  the  4 1st to 50th posthurn day period , which
wen t- normalized thereafter. In two of the other patients (,~lJV and V), consump—
t i ’ i mu of CH50, Cl q, C4 , C2 , but  not  C3 or CS , cii curred throughout the st ud y excep t
i n i t i a l l y (days 13 to 15) in Patient IV , and during the 36th to 40th postburn
day period in Patient V . During these times , all of the components , including C3
and CS , were decreased . Patient IV had septic episodes on day 13 and days 31 to
34 , and Patient V became septic on day 37. The last patient (ItVII) had inter—
niitte - n t septic ep l siud€ - s during 15 to 24 days posthurn ; decrease in CH50, Clq , and
C4 , hut not C2 , C3 , or CS , occurred during the entire stud y peri od of 30 days
iu~ stburn .

h~-cr e as &-  in C3b INA was demonstrated in four of the seven patients (Figure
19). C3b INA was decreased during the initial postburn period in three of the
pat ients (I/Il , 111 , and IV) and for the duration of the study in Patient VI.
C3b INA was also reduced in Patient III after the 6th to 10th postburn day period .
Fac tor  B was d e c r e a s e d  c o n c u r r e n t l y w i t h  C3b INA except in Patient III. In
P a t i e n t  111 , f a c t o r  B was normalized after the first 5 days pcistburn and remained
norma l t h e r e a f t e r .  P r op e r d i n  was m a r k e d l y  reduced  in a l l  p a t i e n t s  f o r  t he  dura-
tion of the study.

C3 conversion by Inu li n and CoVF , and CS ‘-onversion by inulin were reduced
for the e— rut i r e stud y period in Patient III , and until the 36th to 40th postburn
day  1’er iod i n  P a t i e n t  V ( F i g u r e  2 0 ) .  C3 and CS conversion was normal in Patient
VI mi nt II d ay  21 , probably because there were only small amounts of C3 and CS in
this p a t i e n t ’ s ser a  to  he c o n v e r t e d  by large amounts of activating substances.
In th e ot llc- r patients , C3 (n-Inversion was often reduced when CS conversion was
not  and vli ’e versa. In Patient I , C3 conversion was reduced for the entire study
p e r i o d , but  C5 c o n ver s i o n  was normalized during the 61st to 50th postburn day
period . In Patient II , C3 - o n v e - r s l o n  was reduced during the entire study period
‘ - x i  i -p t  d m i r l n g  the 11th to 20th postburn day period . CS conversion in this
p a t i e n t  was onl y reduced during the initi a l 5 days postburn. In Patient IV ,
CS e onv ers iuu ri Wa-, reduced for the entire stud y per iod of 50 days , but  C3 conver-
s ion  was onl y reduced durIng 20 days postbm irn . In P a t i e n t  V I I , C3 conve r s ion
was reduced for the i-nt ire study period ; however , CS conversion was normal. In
all of the pati ents , C3 and CS c onversion by In uli n in t h  bu rn  sera was e i t h e r
not ri-due-ed or was only slig htl y r educed  by treatment of the sera with EGTA and
MgC12. Thee -se r m - s m m l t s  Indicated that the C3 and CS conversion methods measured al-
ternative pathway activity in the burn sera.

R el m im t lor u in -m unpl m - m e n t  levels and  act lvi t i i-s did not  decrease the opsonic
( - a l u l u  I t y  (m l the p at  ie’nts ’ n , er a  f o r  t i m ”  I r own I n f r - m ’t I n g  m u c roorganisms (Figure
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Figure 19. Immunoch e-mical levels of factor B , properdin , and C3b Inactivator
(C3b IN A ) in the sera of seven septic burned patients during 50 days -

postburn . The Roman numerals represent the patient numbers. Refer
to Table 6 f o r  the  c l i n i c a l  c h a r a c t e r i s ti c s  of the  patients. The
values of duplicate- determinations for each function are presented. -

(Refer to page S I a  f o r  t he  f i g u r e . )
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Figure 20. Functional activity of the alternative comp l ement pathway In the ser;m
of seven septic burned patients during 50 days postburn . Conversion
of C3 and CS by inulin in untreated burn sera and in burn sera
treated with 10 mM ethylene glycol tetra—ac etic acid (ECTA) and 10 mM
MgCl 2 (MgECTA—burn sera) was measured by hemolytic methods. Conver-
sion of C3 by inuli n and cobra venom factor (CoVF) was also measured
by reduction in the B antigenic determinant of C3 by radial irimmuno-
diffusion. The Roman numerals represent the patient numbers. Refer
to Table 6 for the  clinical characteristics of the patients. The
values of duplicate determinations for each function are presented .
(Refer to page 52a fo r  the figure.)
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21 ,’ . A l t h o u g h  S. au reus-  was the most common infecting microorganism , E. c o il ,
Pscmjdm -uimonas aeru~~inosa , K l e b s i e l l a  p n e u r n o n l a e , C l t , r o b a c t e r  f r e u n d il , and S t r ej ~
tce c ceccui~ f~~c-ca1I s were Isolated as well. In only one patient (#VI), opson ic
activity of the patient ’s sera for her infecting strain of K. pneumon iae  was
reduced ; the  r e d u c t i o n  o c c u r r e d  on ly  d u r i n g  t he  f)rst 5 days  postburn .

The types and amounts of blood product s admini stered t o  the  s e p t i c  p a t i e n t s
are shown in Figure 22. A wide variation in the regimen for administration of
bl ood products was observed. All of the patients received whole blood with
P a t i e n t s  I an d 11 r ec eiving a tot al of less than 1000 ml , Patients III , V , and
VI re-i c-l y ing a total of from 4000 to 6750 ml , and Patients IV and VI 1 receiving
a total of 9000 ml . Only four of seven septic patients received sing le donor
p lasma . P a t i e n t  I I I  rece ived  the  least  amount  ( a p p r o x i m a t e l y  2000 m l ) ,  and
Patients IV , V , and VI rece ived from 7200 ml to 8500 ml.

All  of t he  n o n - s e p t i c  burned  patients received sing le donor pl asma, and
three of the four patients received whole blood during the stud y period (Figure
23). Patients 1 , 3, and 4 re ceiv ed f r om 1250 m l to 2950 m l of s ing le  d onor
plasma during the s tud y ;  P a t i e n t  2 received the most plasma , t o t a l i n g  approx —
i m a t c - I ’j 8950 m l .  T h i s  p a t i e n t  a lso  r e c e i v e d  the  most  whole  blood (12 , 485 m l ) ,
w i t h  Pat i en t s  3 and 4 rc-ceiving 795 ml and 4900 ml respectivel y .  Per unit of
t i m e , a l l  of t he  n o n — s e p t i c  p a t i e n t s  w i t h  the  e x c e p t i o n  of P a t i e n t  2 received
Ic-sc whin e blood and p lasma than the four septic patients who received both
blood p r o d u c t s .

1. Discussion

The data presented in this section support our previous pre lim—
ir u. iry observa t ions that consmimption of the  c l a s s i c a l  comp l ement p a t h w a y  was
a — s - i  j a t € - d  w i t h  and was ca used by sep ti cem ia in ther ma l l y in j ured pa ti en ts (9 ,1 6).
In t he  p r e v i o u s  s t u d y ,  only  t h r e e  of f i v e  s e p t i c  burned  p a t i e n t s  had cl as sical
pathway consumption associated consistently with septic episodes. In this in-
vestigation , a l l  of the seven stud y pa ti en ts had de cre ased class ic al pat hway
a c t i v i t y  durin g their septic ep isodes , and there were no exceptions. All of the
patients who d i d  not survive septicecnia and who died of septic shock had cor.sump—
t i on  of a l l  of t h e  classical comp lement components (Cl to CS) during their s e p t i c
ep isodes; the levels of C6 to C9 were not measured individuall y in our stud y.
Patients who survived septicem ia had multiple patterns of classical complement
pathway consumption during their septic ep isodes as follows . (a) Consumption
of all iuurrqo nents , (b) consumption of only Cl and C4 , (c)  con sump tion of only
Cl , C4 , and C?, and (d) consumption of Cl , C4 , C2 , and CS , but not C3. In these
p a t i e n t s , c l a s s i c a l  p a t h w a y a c t i v i t y  was res tored to norma l w i t h i n  20 days
follow i ng the last positive blood culture. This observation is preliminary,
however , sinc e onl y two of the f o u r  su r v i v i n g  pa ti en ts were studied  long enough
following septi cerni a to make this evaluation.

The alternat ive comp l ement pathway was consumed in only one ~ f the  seven sep-
t i c  patients. Blood cultures were positive In this patient after the first
posthurn day every time they were obtained , and this patient died of septic shock
on the 23rd p osthu rn  d a y .  C3b INA and f a c t o r  B were markedly decreased for the
entire stud y per i od In this patient. Factor B was also decreased in three other
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Figure  21. Serum opsoniz ing  a c t i v i t y  for the microorganisms causing septicemia
in the seven burned patients during 50 n ays  pos tburn . None of the
mic roo rgan i sms  isolated f r o m  the pa t ien ts and used in the opsonic
assays was suscep tible to ki l l ing by either leukocytes or serum alone.
Serum con cen tra t ions in the assays varied for  each microorgan ism and
were based on the minimal concentration of pooled normal human serum
which promoted maximal intrarellular killing of the microorganism
during the shortest incubation period . The Roman numerals represent
the patient numbers. Refer to Table 6 for the clinical characteris—
tics of the patients. The values of dup lica te determinations for
each function are presented. (Refer to page 54a for the figure.)
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seven septic burned pa tients . The Roman numerals represent the
pat h-mr t rrimmh ers . Refer to Table 6 for the clinic al characteri stics
of the patients.

55 

~~~-------- - ---- —~~~~~~~~~~~~~~~~--



Patient I Patient -

2000 2000

ioc~o b o o

H I
~~~~~~~~ 0 1.1 i i ] j 1 ~~~~~~~ 1 J c I I ~~~~~~~ I I n 1 L _

— 5 6 —1 0 11-20 21-30 31-40 4 1 -5 0  13- IS l6 - 2~- 2 -30 31-40 41-50

Pat ient 2 Pat ient  4
4000 - 4ryy)  1

• Wi-ol e Blo od

0 Single Donon Plasma

3000 - yy,I 0 POcked Cells

2000 - ?‘Y~~ -i

C)
—4 1000 - 

-

0 - t iLl .t ~L 0 L - - 
_L_ .~ ~I - S  6-10 11-20 21-31 31-43 41-50 I— S 6- 10 11 — 2 0 21-30 31-40 41-50

DAYS POSIBURN

Figure 23. T&-inporal sequence of the administr ation of blood products to the four
non—septic burned patients. The Arabic numerals represent the
patient numbers. Refer to Table 7 for the clinical characteristics
of the patients.
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patients , but only during the first 5 days post admission . C3b INA was ais t
d e- r e i se d  in th e-se pati ent s , and in two of them , occurred only when C3 was re-
duced c inn urrently. The dcc reast- in C3h INA appeared to result from increased
u t l l i , a t  I o n  in c l e a va ge  of C3b to I t s  i n a c t i v e  forms . The results suggested
tha t alt e -rna t i- j e pathwa y consumpti on occurrin g during septicemia in the one
patient resulted fran the generation of C3b via consumption of the classical
pathway. C3l~ t a 1~e-ther with factors B and 0, and prop erdin would lead to further
depletion if  C3 and C~ via the enzymes , C3b~~ and ~~~~~~~~ Th is observation
provide s an exp lanati on for the results of our earlier stud y ,  showing tha t
both comp l ement pathways were consumed in one septic burned patient , and onl y
t i i t- c l ; i s ’ l c a l  p a t h w a y  was consumed in the other septic patient (9). The
re-st i lts do not e-xc- lud e th e-  possibility that the alternative pathway was con—
surne-d directly a— j the result of interaction of the bacteria with early compo—
n e - nt s  In this pathway rather than throug h the feedback mechanism . Aithough
If this were- the case- , then one would expect that alternative pathway consump-
tion w uld have occurred noire frequently in the septic patients and would not
ne- i essarily have he- -c-n assoc iated with marked classical pathway consumption .

Reduction in classical pathway activity was demonstrated in all of the sep-
tic burned patients during the Initial postburn period . Total hemo ly tic comp le-
ment (CH~ 0) was always markedl y reduc ed below the normal mean value for the
no n—s e- l iti c patients , and early complement components w e r e  r e d u c e d  as w e l l .  In
four patients , the red uc tion Included Cl to CS , in an o t h e r , on ly  Cl and C4 , and
in thc other two , Cl , C4 , and C2 and CS or o n l y  Cl , C4 , and C2 .  CH 50 and the
early class ic al C a I r ip i n O nt s  were reduced not only during the initial postb urn
period , but d n n ri n ~’ the time prior i i  when the first positive blood culture was
obt ained. The reduction in r-lassical pathway activity was not found to be the
result of systemir infection , since blood cultures were consistently negative in
the i ;etIe r~ts during this time . Reduction in classical pathway activity was not
demonstrated in the non—septic burned patients , suggesting that this humoral
abnormality is predictive of septic episodes. This is an e x t r e m e l y  e x c i t i n g
concept and , if substantiat ed , could lead to the early identification of high
r i s k  p a t i e n t s  and possibl e- a lt e rations in therapeutic approaches.

The l a c k  of de m o n s t r a t i o n  of c l a s s i c a l  c o m p l e m e n t  p a t h w a y  c o n s u m p t i o n  dur ing
th e- s t u d y pc - n od i n  t h e  n u n — s e p t i c  b u r n e d  p a t i e n t s  cou ld  not  be e x pl a i n e d  on
t h e -  b a s i s  of t h e  a d m i n i s t r a t i o n  of blood p r o d u c t s , s i n c e  t h e s e  p a t i e n t s  as a
g r o u p  r i - i cived less w h o l e  b lood  and plasma than the septic burned patients.
The a d m i n i s t r a t i o n  of b lood p r o d u c t s  a l so  d i d  not i n f l u e n c e  the  outcome of sep—
t n - e - m i a , since the patient with the most prolonged septicemia received the lar-
gest amounts of blood products per unit of t ime. Ic addition , the two other
patients who died of septic shock received amounts of whole blood and plasma
per unit of time roughly equal to the non-septic patient who received the most
blood products.

Mi re ahnorma lit ic-s of C3 and CS conversion by CoVF and/or inulin were ob-
served in the septic burned patients than In the non—septic burned patients.
However , ther e was qu ite a discrepancy in the average burn ratio (% total fnjury/
2 third dc-gre-c injury) between the two groups (55/43 fo r  the  sep t i c  p a t i e n t s
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and 49/19 for the non—septic patients). The increased number of abnormalities
in the septic population is probabl y exp lained by this f inding,  since reduction
in C3 conversion has been shown to be a f unc t ion of increasing burn size (

Two of the three burned patients who died of septic shock had reduced C3 and C5
conversion fo r  the en tire study period (Patient III) or pr io r  to the develop-
ment of septic shock (Patient V), during which time C3 and C5 conversion were
normalized . In the other patient (I/VI), C3 and C5 convers ion were normal p r i o r
to the development of septic shock and became reduced during shock. In the
surviving patients , C3 conversion was often reduced when C5 conversion was normal
and vice versa . These observations were also documented in three of four non-
sept ic  burned p a t i e n t s .  The reason fo r  the lack of an exac t correla tion be tween
C3 and C5 conversion in the burn sera was not addressed b y our inves t iga t ion,
but wi l l  be the subject  of future study . However , the most important observa-

to be derived from the C3 and CS conversion data is that there was abso—
utely no correlation between these abnormalities and the occurrence , duration ,
or outcome of septicemia.

As outlined in the previous section of this report (la) , C3 convers ion by
the  a c t i v a t i n g  subs tances  was a f u n c t i o n  of the alternative complement pathway ,
and C5 conversion was a function of both the classical and alternative pathways.
Val ues for concentrations and conversion of C3 and CS were consistently h igher
when measured by hemoly t ic assays , in compar ison to the resul ts ob tained f r o m
the  immunochemical  d e t e r m i n a t i o n s . There was a marked v a r i a b i l i t y  in the  re—
Suits of the hemolytic assays, presumably because determinations were run wi th
d i ff erent lots of commercial EACT~ cells and purified human components , C2 ,
C6 , C7 , CS , C9 , and C3 or C5. In all future experiments , de term ina tions will
be run utilizing the same lots of erythrocytes and complement components.

The classical pathway appeared to be activated preferentially in all but
one of the burned patients during septic episodes. Al though C3 and/or C5 con-
version were of ten reduced d ur ing sep t ic episodes , levels of fac tor B were
general l y normal or elevated . Since it is well known that factor B is consumed
d u r i n g  a l t e r n a t i v e  pathway a c t i v a t i o n , the results suggested that the alterna-
t ive pa thway was red uced in the burned patients due to blockage of this pathway
r a t h e r  than  to consumption of alternative pathway components. Blockage of the
alternative pathway resulting from deficient a l t e r n a t i v e  pa thway p ro te ins  would
p rov ide an exp l anation for  the observed pref eren ti al ac t iva t ion of the class ical
pathway occurring during septicemia. Further studies regarding evidence for
a d e f i c i e n c y  of a l t e r n a t i v e  pathway components  caus ing  decreased C3 conversion
in burned  p a t i e n t s  is presented in section Al of this report.

Consumption of components of the alternative and/or classical comp lemen t
pa thway d id not decrease the opsonic capacity of the patients ’ sera for  their
ow-n infecting microorganisms. Multiple bac teria were isolated from the septic
burned p a t i e n t s  inc lud ing S. au reus , E. coli , P. aeru1~posa , K. p~~ urnonia e ,
C. freundij, and S. faecalis. It should be emphasized that none of the infec-
ting microorganisms was susceptible to direct lysis by normal or burn sera or
to phagocytosis and intracellular killing by norma l P1-INs in the absence of the
sera. The concentration of serum used in the opsonic assays was specific for
each infecting microorgan ism. Concentrations of the patients ’ sera were based

58

—Th ~~~~~~



on the min imal concentration of pooled normal human serum w h i c h  was found  to
I romote maximal Intracellular killing of each bacterial strain during the short-
est Incubation period .

The findin g that complement consumption did not reduce the opsonic capacity
of the patients ’ sera for their infecting microorganisms is most i n t r i g u i n g .  The
investigators offer three possible explanations for this observation as follows :
(a) Onl y minute amounts of classical or a l t e r n a t i v e  comp l ement  p a t h w a y  components
are req uired for effective phagocytosis and intrace]lulanly k i l l i n g  of the  infec-
ting microorganisms ; (b) immune antibodies may be produced during the infection
which either alone or in combination with minima l levels of classical comp l ement
components effectivel y opsonize the infecting microorganisms ; or (c) naturall y
oc cu r ring antibodies to the infecting microorganisms may be present in the burn
sera prior to the infection which together with minimal levels of alternative
and/or classical complement pathway components effectively opsonize the micro-
organisms . Data are presented in section Cl of this report which show that under
normal conditions the majority of gram—nega tive aerobic bacilli isolated from
burned patients require immunoglobulin and utilize the alternative and/or classi-
cal complement pathway during the opsonic process. Therefore , either antibodies
must be present in the burn sera prior to infection or be produced during colon—
i z at  ion  with the microorgan isms, if eff ective opsonization in the presence of
min ima l levels of complement components is to occur. Our future studies will
be directed toward determining the levels of pre—ex isting antibodies and anti-
bodies produced during the course of the infection to the infecting microorganisms
in the septic burned pa tients. The septic burned patient represents a new model
for stud ying the in vivo role of complement and immunoglobulins in opsonization
of opport unist microorgan isms.

B . Oc c u r r e n n -e and Duration of Chanjes in Hurnoral Cornponents of Host Defense in
P~ t1ents with Abdominal Trauma and in Surgical Patients _w~~ h~ qtj r a u~~

1. Results

Our previous studies showed that abnormalities of both the classical
and alternative complement pathways occurred immediately follow ing severe blunt
or penetrating abdominal trauma o n ) .  Conversion of C3 by cobra venom factor
(CoVF) , which is a functional measurement of the alternative complement path-
way, was reduced in the sera of ten trauma patients , and decrease in the level
of properdin and C3h inactivator (C3b INA) was also demonstrated in the trauma
sera. Total henol ytic complement (CH 50), a functional measurement of the class-
ical comp l ement pathway and the Immunocheinical level of CS were also decreased .
Conversion of C3 by Inu lin and levels of factor B , Cl q ,  C4 , C2 , and C3 were
not found to be statisti cally decreased in the patients ’ sera. The concen-
tration of 1gM was significantly reduced in the sera of the trauma patients ,
alth ough leveis of lgG and IgA were not abnormal. The present investigation
was u n d e r t a k e n  to  d e - t e r m i n e  t he- cause and si g n i f i c a n c e  of the humoral abnor-
ma lities In the trauma patients and to determine the duration of the abnormal—
It les.
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Our first objective was to determine it reduc t ion  in serum opsonizing a c—
tivitv was associated with decrease in complement activity or 1gM c o n c e n t r a t i o n
in the  p r e v i o u s l y  s t ud i ed  group of ten t rauma  p a t i e n t s .  The publ ished o r i g i n a l
data of the- complement levels and activities and immunog lob u l in levels in the
sera of the  ten t r auma  p a t i e n t s  are shown in Table B Opsonic a c t i v i t y  f o r  E .
coli  075 , P. aeru~~inosa 73044 , and S. aureus  502A was measured in the  p a t i e n t s ’
sera .  Opsonic  a c t i v i t y  fo r  the  E coli  and S. au reus  st r a i n s  was si g n i f i c a n t l y
red uced (p = - 0.05), in comparison to the opsonic a c t i v i t y  of sera f r o m  age—
m a t c h e d  n o r m a l  individuals (Figure 24). Opsonic activity for the P. aerug4~~~~~
strain was markedly reduced in the sera of two of the patients , however the
overall differences in opsonic activity for P. aeruginosa between the patients
and the controls we-re not significant (p = < 0.1). The serum from one of the
patients with reduced opsonic activity for P. aer

~&~~2~~ also had reduced opson ic
activit y for the E. coli and S. aureus test strains . However , a significant cor-
relation by single regression analyses of opsonization of the sera for the three
strains was not demonstrated . Moreover , the only correla tion be tween opson ic
activity for the test strains and immunoglobulin and complement levels or com-
plement activities was observed with the E. coil strain. Opsonic activity of
the sera for the E. coil  strain correlated with C3 conversion by inulin (r
0.92; p = 0.0001) and with C3 concentration (r = 0.65; p 0.042). The results
indicated that reduction in serum opsonic activity for E. coil 075 was a function
of the alternative comp l ement pathway, but that reduction in opsonic activity
for the S. aureus  and P. aeruginosa strains was related to something other than
class ical or alternative pathway activity or total immunoglobulin level. The
obse rva t i on  t h a t  the  sera f r o m  the t rauma p a t i e n t s  had red uced opsoniz ing
activity for t ree microorganisms which frequently infect trauma patients pro—
vides evidence that humoral host defense mechanisms in patients with abdominal
trauma are compromised.

Our next experiments were directed toward deter-mining the occurrence and
duration of the humoral abnormalities in patients with penetrating abdominal
trauma and the association between the abnormalities and microbial infections.
Cl inical characteristics of the study patients and information regarding cul-
tures obtained on the patients are shown in Table 9. Levels and activities
of components of the classical and alternative complement pathways , levels of
lgC , IgA , and 1gM , and serum opsonic activity for E. coli 075, P. aerugjnosa
73044 , aad S. aureus 502A were measured as soon as the patients were identified ,
and then twice weekly until the patients were discharged .

In all of the patients , total hemolytic complement (CH50) was red uced below
the normal mean value during the first 48 hours post trauma and was restored to

• or above t h e  norma l mean value in only two of the p a t i e n t s  (114 and 6) d u r i n g  the
26 day post t r a u m a  s tud y period ; r e s t o r a t i o n  of CH 50 to normal in P a t i e n t s  4 and
6 occurred by the end of the  f i r s t  week post traqm a (Fi gure 2 5 ) .  During the first
48 hours post trauma , Clq, C4 , C2 , C3 , and CS were reduced concurrently below
norma l moan values in Patients 1 and 2. Patient 3 had reduced C3 during the first
48 hou r s  p ost  t r a u m a . C3 , c4, and C5 were reduced in Patients 4 and 5; Clq
was also reduced in Patient 5, but not in Patient 4. In Patient 6, only C5 was
rodw-t-d , and In Patient 7 , Cl q, C3, and CS were decreased during the first 48
h o u r s  post t r a u m a . Cli1 and CS remained reduced in P a t i e n t  5 for  the dura t ion  of
t h e  s t u d y .  R e s t o r a t i o n  of the classical components to a normal mean value
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Figure 25. l inmunochemical  levels and f u n c t i o n a l  a c t i v i t i es  of components of the
class ical complemen t pa thway in the sera of seven p a t i e n t s  wi th
abdomina l  trauma during 26 days post trauma . The shaded areas
represent the variation in 20 individual normal sera (mean ±2 S . D . ) .
Numbers f o l l owing  the lines represent patient numbers. Refer to
Table 9 for clinical characteristics of the patients. Mean values
of dup licate or tri plicate deter ;nlnotlon s are presented .
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occurred in all of the other patients. The components remained normal for the
duration of stud y in all of these patients , excep t Patient 3, whose Clq, C2 ,
and C5 became reduced during the second week post trauma .

C3b INA was reduced d u r i n g  the  f i r s t  48 hours  post t rauma in P a t i e n t s  1,
4, 5, 6, and 7 and was restored to normal thereafter (Figure 26). Properdin
levels f ell below the normal mean va lue  fo r  the du ra t i on  of the stud y onl y in
these five pa tients. In addition , C3 conversion by CoVF and/or inulin fell
below normal mean val ues du r ing the stud y in these patients. Factor B levels
were g e n e r a l l y normal or elevated in the sera of all of the patients for the
ent ire study period .

IgG levels were markedl y decreased dur ing the stud y in Pa t ien ts 4 and 5;
IgG was also reduced i n i t i a l l y  in P a t i e n t  1 (Figure  2 7 ) .  IgA and 1gM levels
in al l  of the patients fell within normal ranges; however , 1gM was decreased
i n i t i a l ly in P a t i e n t s  2 , 3 , 4 , 5 , and 6 and IgA fe l l  below the normal mean
value in P a t i e n t  6 d u r i n g  the stud y.

Serum opsoniza t ion  f o r  S. aureus 502A was reduced in Patient 4 f o r  the  du-
rat ion of the stud y (Figure 28). Serum opsonization for E. coil 075 was only
reduced during 48 hours post trauma in Patien t 5. Serum opsonization for P.
aeruginosa 73044 was reduced in Patient 4 for the duration of the stud y, and
intermittently in Pa t ien ts 1, 2, 6, and 7. The observation that Patient 4 had
reduced opsonizing activity for P. aeruginosa and S. aureus could have been
related to a thficiency of IgG , but Patient 5, whose serum was def icien t in
IgG , had normal opsonizing activity for the test strains.

None of the initial decreases in classical or alternative pathway components
or activities , immunog lobulin levels , or opsonic activity were related to the
levels of total pro tein in the pat ients ’ sera. Fu.rther analyses have shown
tha t prolonged decreases in CH5O , Cl q,  C5 , IgG and opsonins were also not re-
lated to total protein conc entrations . These results indicated that the humoral
abnormal it ies were no t ca used by fluid imbalances.

Two of the seven patients on our study developed post—operative microbial
infections (refer to Table 9) associated with Initially decreased classical
pathway components and a c t i v i t y , but with no other marked humoral abnormalities .
One of these pa tients was the onl y pa tient on our study to have persistently
decreased classical pathway activity.

We have also measured classical and alternative pathway components and ac—
tivities , immunog lobulin levels, and opsonic activity for S. aureus 502A, E.
coil 075 , and P. aeru g inosa 73044 in the sera of three surgical patients without
trauma pre—operativel y and during a 3 week post—operative period. In these
patients , we have demons trat ed no abnorma l ities of comp lement , immunoglobul ins ,
or opsonins.

2. Discussion

Because of the small number of patients on our study, generalizations about
humoral abnormalities In patients with abdominal trauma cannot be made at this
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Figure 26. Trumunochemlcal levels and functional activities of components of the
a l t e r n a ti v e  comp l ement p athway  in the sera of seven patients with
ar)domlnal trauma during 26 days post trauma . The shaded areas
r (-prPsent the variation in 20 individual normal sera (mean ±-2 S.D.).
Numbers  f o l l o w i n g  the  l i n e s  represent  p a t i e n t  numbers .  R e f e r  to
Table 9 for  c l i n i c a l  c h a r ac t e r i s t i c s  of the  p a t i e n ts .  Mean va lue s
of dupl icate or triplicate d~ U-rminations are presen ted .
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502A in the sera of seven patients with abdominal trauma during 26
days post t rauma . The shaded areas represent the v a r i a t i o n  in 20
individual norma l sera (mean ± 2 S.D.). Numbers following the lines
represent patient numbers. Refer to Table 9 for clinical character-
istics of the patients. Mean values of duplicate or trip licate
determinations ar e presented .
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t ime . Our investi ga t ion ha s, however , permitted several prel im inary  conclus ions
to be drawn as fo l lows : (a)  Multiple abnorma lities of the classical and alter—
native comp lement pathways , immunoglobulins , and opsonins were shown to occur
fol low ing abdominal tra um a , some of which persisted after the first week post
trauma ; (b) the humoral abnormalities in the trauma patients were not related t
f l ui d imbalances  or to su rg ica l  procedures; (c) reduc tion in 1gM occurrIng durin ,
the  i n i t i a l  post trauma period was not related to sp lenec ton~y, since patients who
had not undergone splenectomy had decreased 1gM and one of the sp lenectomi zed
patien ts had normal 1gM; (d) decrease in IgG , in addition to 1gM , was demonstra-
ted in the second patient study group ; (e) decreases in Clq, C4 , C2 , C3 , and C3
conversion by inulin were demonstrated in the second study group but not in the
first; (f) patients who subsequently developed microbial  infec tions were the
only patients who had decreased classical pathway activity initiall y that appeared
to result from consumption of components , since onl y in these pa tients were Clq ,
C4 , C2 , C3 , and C5 decreased concurren tly; (g) cause—and—effec t relationships
were no t established between the abnormalities , with the exceptions that E. coli
075 opsonization correlated with alternative pathway activity, and decrease in
C5 appeared to correlate with decrease in C3b INA; and (h) decreases in classical
or al ternative pathway components or immunoglobulins G , A , or M did not appear
to correlate with opsonization for S. aureus 502A or P. aeruginosa 73044 in
either study group .

The observation that E. coli 075 opsonization in the nonburn trauma patients
correlated with alternative pathway activity supports the concept that the alter-
na t ive pa thway is utilized preferentially in opsonization of this bacterium (2).
The finding that correlation between E. coil 075 opsonization and classical path-
way activity occurred in patients with burn trauma provides further support to
the nypo thesis that the classical pathway is u ti lized in opson iza t ion secondaril y
and only if the alternative pathway is blocked .

The number of patients on our study did no t equal the number of pa t ien ts we
had projec ted to stud y (ten abdominal trauma , ten head trauma , ten surgical non—
trauma). This was caused by multiple problems we encountered throughout the year.
Our greatest problem was in locating surgical patients at the Cincinnati General
Hospi ta l  who did not have underlying diseases which would disqualify them for  our
stud y. Our second most difficult problem was in obtain ing informed consent f rom
the relatives of our abdominal trauma patients. Most of the trauma in this popu-
lation of patients was either caused by family members who had been incarcerated
and therefore could not or would not give permission , or the family members could
not be located . An additional problem was in obtaining a population of individu-
als who had sustained head trauma without abdominal trauma . We were unable to
identif y any pa tients with head trauma without blunt abdominal trauma who survived.
Our final problem related to the percent of effort and support we had designated
for our research nurse and clinical investigators. In order to make all of the
necessary arrangements with the various attending physicians , identif y the pa-
t ien ts and ob tain perm ission , follow the patients utilizing the detailed flow
shee ts and obtain the appropria te samples , Dr. S. Bjornson spent 10 to 15 hours
per week on the study rather than 5, and Mg. Geri Perkins, research nurse , spent
75% effor t rather than 50%.
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C. Normal Human Serum Opsonins for O2portunist Microorganisms

1. Studies to determine the reg~~ rernents for immuno~~obulin and the alterna-
tive and classical com~~eme t pathwa1s for ~~~ onization of grarn-n~gative
aerobic microorganisms

a. Results

Evidence regarding the requirements for immunoglobulin and complement
for opsoniza tion ot gram—negative and gram—positive aerobic microorganisms has
been controversial . Williams and Quie provided evidence that immunoglobulin was
required for  phagocytosis  of Escherichia  coli , Pseudornonas aeruginosa , and
Proteus vulgaris , bu t no t for phagocy tosis of St~ ph ylococcus epidermidis, Serratia
marcescens , Streptococcus viridans , and St~~p~ococcus faecalis (57). Jasin showed
that imxnunoglobulin and the classical complement pathway were required for optimal
phagocytosis of S. aureus, and that phagocytosis of E. ~~i occurred via the
a l t e r n a t i v e  complement pathway in the absence of immunoglobulin (17). Immuno—
globulin in addi tion to alternative pathway proteins was shown to participate in
phagocytosis of P. aeruginosa and Streptococcus pneumoniae (54—56). Subsequen t
studies showed that S. ppeumonlae, S. faecalis , S. v i r idans,  S. aureus, S. epider—
midis , S. marcescens, and E. coli required the alternative complement pathway for
phagocytosis , but that P. aeruginosa did no t (70 ,71).

Minimal information is available regard ing the reasons for the diversity in
the requirements for lmmunoglobulin and the alternative and classical complement
pathways for phagocytosis of strains of the same genera. One possibility is that
differences in the methodology for measuring phagocytosis produced differences
in the results. An alternative explanation is that differences in the requ i remen t s
for  immunoglobu lin and complement fo r  phagocytosis exist among strains of the same
gene r a.

The purpose of the present investigation was to determine the requirements
for immunoglobulin and complement in human sera for phagocytosis of multiple
strains of gram—negative aerobic microorganisms by human polymorphonuclear leuko—
cytes (PMNs). E. colt , Proteus  mirabilis , Klebsiella pneumoniae, and S. marces—
cens were utilized in our study. Most of the microorganisms were isolated f rom
burned patients , although other clinical isolates were included to determine if
a difference in the opsonic requirements between the isolates could be demonstrated .

The ability of human sera depleted of immunoglobulin and/or classical comple-
ment pathway activity to promote phagocytosis and intracellular killing of the
test strains by human PMN s was determined (69). Reaction mixtures consisted of
5.0 x 106 PMJ~s, 1.0 x iø

6 bacteria , and serum in a final volume of 1 ml of Hank ’s
balanced salt solution (HBSS). HBSS was substituted for the PMNs or serum in
the controls. Serum concentrations used in the assays were based on the minimal
amount of pooled normal human serum (PNHS) which promoted maximal intracellular
killing of the bacteria during the shortest incubation period .

Hypogammaglobulinemic sera from three different donors (HSi_3) were used as
sources of immunoglobulin depleted sera. These sera contained 185 ing % to 475 mg %
of IgG , and undetectable levels of IgA and 1gM. Hypogammaglobulinemic serum was
further depleted of IgC by affinity chromatography using the IgG fraction of
rabbit-antihuman IgG coupled to Sepharose 4B; this serum will be referred to here-
after as US—A. US—A contained 22 mg % of IgC, and undetectable levels of IgA
and 1gM. Levels and activities of the classical and alternative complement path-
ways in US—A were found to be equivalent to those in PNHS (Table 10).
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Table 10. Levels and _A~ tivit ies of the Alternative_and Classical Complement
Pathways in Hypogamm~~ lobulinemic Serum Further Depleted of IgG by

Immunoadsorp tion

Total
Hemolytic
Complement C3 (B C3 Convers ion ~~ 

C3 to C9

CHSO Antigen) —_ _ _—-—-— CU 50
Sera units/mi units/mi Inulinc CoVF~ uni t s/ml

pNHSa 19 30 67 93 31

HS—A~’ 20 30 70 92 2 4

apNHs = pooled normal human serum.

bHS_A = hypogammag lobulinemic serum fu rther dep leted of IgG by immunoad-
sorption .

Clnulin and cobra venom factor (CoVF) were the activating substances used
for  de terminat ion  of C3 conversion .
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Two sources of serum depleted of classical comp lement pathway activity were
utilized. The first source of serum dep leted of classical pathway activity was
C2 defic ient human serum (C2dHS) , which was kindly prov ided by Dr. Paul Quie ,
Univers i ty  of Minnesota School of Medic ine , Minneapolis , Minnesota. The second
source of serum depleted of classical pathway ac tivity was PNHS treated with
10 mM ethy lene glycol tetra—acetic acid (ECTA) and supplemented with 10 inN MgCl~~;
this serum will be referred to hereafter as MgEGTA—PNHS . C3 conversion and C3 to
C9 consumption by inulin and cobra venom factor in MgECTA—PNHS and untreated
PNH S were equivalent. However , MgEGTA—PNHS was unable to support lysis of sen-
sitized sheep erythrocytes (EA) whereas PNHS supported normal lysis of EA.
These results indicated that treatment with EGTA and MgCl2 blocked the classical
pathway leaving the alternative pathway intact. In some experiments , individual
normal sera or hypogammaglobulinemic sera were treated with 10 mM ECTA and 10 inN
MgCl2, and will be referred to hereafter as MgEGTA—N1_3 and MgEGTA—HS~ _3, respec-
tively. In addition , PNHS depleted of both complement pathways by heating at
56°C for 30 minutes (APNH S) was utilized .

The ability of the various sera to promote phagocytosis and intracellular
k i l l i ng  of four different strains of E. ~~~~]j  was first determined . All of the
s t ra ins  were found to be killed by human PMNs in the presence of PNHS , but not
by either P?~~s or PNHS alone. Hypogammaglobulinemic sera were unable to support
phagocy tosis of E. coli (A), in compar ison to the phagocy tos i s—promot ing  a c t i v i t y
of PN}IS or individual normal sera (N~..3)(Figure 29). MgEGTA—PNHS, C2dHS , and
1~PNH S also did not promote phagocytosis  of this strain . Similar results were
obtained with E. coli (F). Hypogaminaglobulinemic sera , MgEGTA—PNHS, C2dHS , and
tIPNHS were unable to promote phagocytosis of this strain , in comparison to normal
sera (Figure 30). These results indicated that immunoglobulin and complement were
required for phagocytosis and intracellular killing of E. coil (A) and (F) , and
that the alternative complement pathway was not utilized .

Hypogammaglobulinemic sera and HS—A supported normal phagocytosis of E. coli
(P) (Figure 31). MgEGTA—PNHS, MgEGTA—HS1_3, C2dHS , and iWN1-!S were unable to
promote phagocytosis of this strain. Similar results were obtained with P. coil
(H). Although hypogammaglcbulinemic sera and US-A supported normal phagocytosis
of this microorganism , MgEGTA-PNHS, MgECTA-HS~_3, C2dHS , and t~PNliS were unable
to promote phagocytosis  of this strain (Figure 32). These results indicated
that the requirement for immunog lobulin was minima l or non-existent for effective
phagocytosis of E. coil (P) and (H). Although complement was required for  phago—
cytosis of these s t ra ins , the alternative complement pathway was not utilized . In
addition , the results indicated tha t dep letion of imi-nunoglobulin and classical
pathway activity from human sera was unable to force utilization of the alterna-
tive pathway .

Differences in Emmunoglobulin requirements and complement pathway utilization
among three strains of P. mlrabilis were also demonstrated . All of the strains
were phagocytosed and kil led in t race l lu la r ly  In the presence of PNHS and PMNs,
but not by either alone. Hypogammaglobulinemic sera , MgEGTA—PNHS , C2dHS , and
~PNHS did not promote normal phagocytosis of P. mirabflis (H) (Figure 33). These
results showed that inununoglobulin and complement were required for phagocytosis
of this strain , and that the alternative complement pathway was not utilized .

Hypogammaglobulinemic sera supported phagocytosis of P. inirabllis (A), but
showed reduced opsonic activity in comparison to PNHS and ind ividual normal sera
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Figure 29. Comparisons of the opsonic activities of normal human sera and sera
depleted of Immunoglobulin and/or classical pathway activity for
E. coil (A). Abbreviations used were as follows: W, polyinorpho—
nuclear leukocytes; PNHS, pooled normal human serum ; N1...3, individual
normal sera; HS1_ 3, individual hypogammaglobulinemic sera; APNHS ,
PNHS heated at 56°C f or 30 minutes; MgEGTA—PNHS, PNHS treated with
10 mM ethylene glycol tetra—acet ic acid (EGTA) and 10 mM MgCi~ ;
C2dHS , C2 de f ic ien t  human serum. The concentration of sera used in
the reaction mixtures was 10%. The points represent mean values of
2 to 4 de te rmina t ions , and each vert i ca l  bar represents the standard
error of the mean .
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Figure 30. Comparisons of the opsonic activities of normal human sera and sera
depleted of Immunoglobulin and/or classical pathway activity for
E. coil (F). Abbreviations used were as follows : W, polymorpho—
nuclear leukocytes ; PNHS, pooled normal human serum; Nl_2, individu-
al normal sera; US1..3, individual hypogammaglobulinemic sera; 1~PNH S ,
PNHS heated at 56°C for 30 minutes; MgEGTA—PNHS, PNH S trea ted wi th
10 mM ethylene glycol tetra-acetic acid (EGTA) and 10 mM MgCl~ ;
C2dHS , C2 deficient human serum . The concentration of sera used in
the reaction mixtures was 10%. The points represent mean values of
2 to 4 determinations , and each vertical bar represents the standard
error of the mean.
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Figure 31. Comparisons of the opsonic activities of normal human serum and sera
depleted of immunoglobulin and/or classical pathway activity for E.
coli (P). Abbreviations used were as follows: W , polyinorphonuclear
leukocytes; PNHS , pooled normal human serum ; HS1_3 , individual hypo—
ganunaglobul inemic sera ; 1-IS—A , hypogammaglobulinemic ser~mm further
dep leted of IgC by iminunoadsorption ; t~PNH S , PNHS heated at 56°C for
30 mInutes; MgEGTA—PNHS, PN}IS treated with 10 mM ethylene glycol
tetra—acet-ic acid (ECTA) and 10 mM r.1gCl~~; C2dHS , C2 deficien t huma n
serum ; MgEG TA—HS 1_3 , hypogammaglobuhnemic sera treated with 10 mM
ECTA and 10 mM MgCl~ . The concentration of sera used in the reaction
mixtures was 5%. The points represent mean values of 2 to 4 deter—
minaf- lons, and each vertical bar represents the standard error of the
mear.
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Figure 32. Comparisons of the opsonic activities of normal human serum and sera
depleted of immunoglobulin and/or classical pathway activity for E.
coli (H). Abbreviations used were as follows : W, polymorphonuclear
leukocytes ; PN14S, pooled normal human serum; HS1_ 3, individual hypo—
ganinaglobulinemic sera; HS—A , hypogammaglobulinemic serum further
depleted of IgG by immunoadsorption; APNHS , PNHS heated at 56°C for
30 minutes ; MgEGTA —PNHS , PNH S t reated with  10 mM ethylene glycol
tetra—acetic acid (ECTA) and 10 mM MgCl~~; C2dHS , C2 deficient human
serum; MgEGTA—HS1_ 3, hypogammaglobulinemic sera treated with 10 mM
ECTA and 10 mM MgCI2. The concentration of sera used in the reaction
mixtures was 5%. The points represent mean values of 2 to 4 deter-
minations, and each vertical bar represents the standard error of
the mean.
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Figure 33. Comparisons of the opsonic activities of normal human sera and sera
depleted of iinmunoglobulin and/or classical pathway activity for P.
airabilis (H) . Abbreviations used were as follows: W , polymorpho—
nuclear leukocytes ; PNHS, pooled normal human serum ; N1_3, individual
normal sera ; HS1_3, individual hypogamniaglobulinemic sera; 1~PNHS ,
PNIIS heated at 56°C for 30 minutes; MgE CTA— PN~ S , PNBS treated with
10 mM ethylene glycol t e t r a—ace t i c  acid (EGTA) and 10 mM MgC 12 ;
C2dHS , C2 deficient human serum . The concentration of sera used in
the reaction mixtures was 5%. The points represent mean values of
2 to 4 determinations, and each vertical bar represents the standard
error of the mean.
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(Figure 34). Furthermore , MS—A was unable to promote phagocytosis of this strain.
MgEGTA—PNHS and C2dHS promoted phagocytosis of P. mirabills (A), although the±
opsonic activity of these sera was decreased in comparison to the opsonic activ-
ity of untreated PNHS. In addition , MgEGTA—HS 1_ 3 had reduced opson ic activity,
in comparison to untreated MS1...3. Similar results were obtained with P. mlrabil is
(C). Hypogammaglobulinemic sera did not support phagocytosis of P. m ir a b i l i s  (C),
in comparison to the phagocytosis—promoting activity of PNHS or individual normal
sera (Figure 35). MgEGTA—PNHS promoted phagocytosis of this strain , although to
a lesser extent than untreated PNHS. C2dHS promoted less phagocytosis than MgEGTA-
PNHS , bu t was similar in opsonic ac t iv i ty to an Individual normal serum treated
with MgEGTA . These results indicated that P. mirabilis (A) and (C) required im-
munoglobulin and utilized the alternative and classical complement pathways for
phagocytosis.

A diversity in the opsonic capacity of various sera for K. pneumoniae strains
was also demonstrated . None of the strains was killed by PMNs or PNHS alofle.
PNHS and normal sera at concentrations of 5% promoted phagocytosis of K. p~-
moniae (Wo) (Figure 36). Hypogammaglobulinemic sera promoted minimal phagocytosis ,
and MS—A was unable to support phagocytosis of this strain . MgEGTA—PN}iS and
C2dHS promoted phagocytosis, although not as efficiently as PNHS. MgECTA—HS1—3
were less efficient than untreated HS1_3 in promo t ing phagocytosis , and LIPNHS was
unable to support phagocytosis of this strain. These results indicated that K.
pp~umoniae (Wo) required immunoglobulin and utilized the alternative and classical
complement pathways for phagocytosis. K. pneumoniae (W) was also phagocytosed in
the presence of 5% normal sera (Figure 37). Neither hypogammaglobulinem ic nor
MS—A supported phagocytosis of this strain. Phagocytosis also did not occur with
MgEGTA—PN}IS, MgEGTA—HS~_3, C2dHS, or L~PNHS . These results indicated that immuno-
globulin and complement were essential for phagocytosis of K. pneumoniae (W), and
that the alternative complement pathway was not utilized .

Thirty percent of PNHS was required to promote over a one log reduction in
bacterial counts of K. ppeumoniae (B) by PMNs (Figure 38). Twenty percent of
PNHS was required to achieve a one log reduction in bacterial counts of K. 

~~~~~~~~~~~~

moniae (H) (Figure 39). Although not shown In Figures 38 or 39, hypogammaglobu-
linemic serum , MgEGTA—PNHS , and APNHS were unable to support phagocytosis of
either strain . These results indicated tha t higher quantitative levels of opso—
fins were required for phagocytosis and intracellular killing of these two strains
of K. pneumoniae, in comparison to the amount of opsonins required for efficient
phagocytosis of the other test strains.

Two S. marcescens strains were included in this study ; neither strain was
phagocytosed by P~~s or PNHS alone. Hypogammaglobulinemic sera and MS—A were
unable to promote phagocytosis of S. marcescens (W) (Figure 40). MgEGTA—PNHS,
MgECTA—HS1_3, C2dHS, and t%PNHS were also unable to promote phagocytosis of this
strain. These results indicated that immunoglobulin and complement were required
for phagocytosis of S. marcescens (W), and that the alternative pathway was not
utilized . In contrast , hypogaminaglobulinemic sera and HS—A promoted phagocytosis
of S. marceacens (S) equa l to that of normal senin (Figure 41). A slight reduc-
tion in bacterial counts occurred when MgEGTA—PNHS , C2dHS, and MgEGTA—HS
were used as serum sources. These results indicated that S. marcescens (S) had
a minimal or non—existent requirement for immunoglobulin and utilized the alter-
native and classical complement pathways for phagocytosis.
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Figure 34. Comparisons of the opsonic activities of normal human sera and sera
depleted of Immunoglobulin and/or classical pathway activity for P.
mi rabil i s (A). Abbreviations used were as follows : W, polyinorpho—
nuclear leukocytes ; PNHS, pooled normal human serum , N1...3 individual
normal sera; HS1_3 , individual hypogammaglobulinemic sera; MS—A ,
hypogammaglobulinemic serum further depleted of 15G by iminunoadsorp—
tion ; APNHS, PNHS heated at 56°C for 30 minutes ; MgEGTA—PNHS, PMH S
treated with 10 mM ethylene glycol tetra—acetic acid (ECTA) and 10 mM
MgCl~ ; C2dHS , C2 deficient human serum; MgECTA—HS1_3 , hypogammaglobu-.
linemic sera treated with 10 n.M ECTA and 10 mM MgC12. The concentra-
tion of sera used in the reaction mixtures was 5%. The points repre-
sent mean values of 2 to 4 determinations , and each vertical bar
represents the standard error of the mean.
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Figure 35. Comparisons of the opsonic activities of normal human sera and sera
depleted of immunoglobulin and/or classical pathway activity for P.
mirabilis (C). Abbreviations used were as follows : W , polyinorpho—
nuclear leukocytes; PNHS, pooled normal human serum; N1...3, individual
normal sera; HS1_3, individual hypogammaglobulinemic sera; 1~PNHS , PNHS
heated at 56°C for 30 minutes ; MgECTA—PNHS , PNHS trea ted with 10 n.M
ethylene glycol tetra—acetic acid (EGTA) and 10 mM MgC12; MgEGTA—N 1..3,
individual normal sera treated with 10 mM EGTA and 10 mM PlgCl~ ; C2dHS ,
C2 deficient human serum. The concentration of sera used in the
reaction mixtures was 10%. The points represent mean values of 1 to
4 determInations , and each vertical bar represents the standard
error of the mean .
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Figure 36. Comparisons of the opsonic activities of normal human sera and sera
depleted of immunoglobulin and/or classical pathway activity for K.
Eneumoniae (Wo). Abbreviations used were as follows: W , polyinorpho •
nuclear leukocytes; PNH S , pooled normal human serum; N1_2, individual
normal sera ; HS1..3, individual hypogaznmglobulinemic sera ; MS—A , hypo—
ganvnaglobulinemic serum further depleted of IgG by immunoadsorption ;
APNHS , PNHS heated at 56°C for 30 minutes; MgEGTA—PNRS , PNNS treated
with 10 n.M ethylene glycol tetra—acetic acid (EGTA) and 10 mM MgC12;
C2dHS, C2 deficient human serum ; MgECTA—HS1..3, hypogammaglobulinetuic
sera treated with 10 mM ECTA and 10 mM MgCl2. The concentration of
sera used in the reaction mixtures was 5%. The points represent mean
values of 2 to 4 determinations , and each vertical bar represents the
standard error of the mean.
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Figure 37. Comparisons of the opsonic activities of normal human sera and sera
depleted of immunoglobulin and/or classical pathway activity for K.
pneumofliae (W). Abbreviations used were as follows : W , polymorpho—
nuclear leukocytes; PNHS, pooled norma l human serum; Nj_3, individual
normal sera; HSi_3, individual hypogammaglobulinernic sera ; MS—A ,
hypogammaglobulinemic serum further depleted of IgG by Immunoadsorp—
tion ; ~PNHS, PNHS heated at 56°C for 30 minutes ; MgEGTA—PNHS , PNHS
treated with 10 n.M ethylene glycol tetra-acetic acid (EGTA) and 10 n.M
MgCl~~; C2dHS , C2 deficient huma n serum; MgECTA—HS1..3, hypogaminaglobu—
linemic sera treated with 10 mu EGTA and 10 mM MgC12. The concentra-
tion of sera used in the reaction mixtures was 5%. The points
represent mean values of 1 to 4 determinations , and each ver tical bar
represents the standard error of the mean.
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Figure 38. Opsonic activity of increasing concentrations of pooled normal human
serum for K. pneumoniae (B). Abbreviations used were as follows : W,
polymorphonuclear leukocytes ; PNHS , pooled normal human serum. The
points represent mean values of 2 to 3 determinations , and each
vertical bar represents the standard error of the mean .
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Figure 39. Opsonlc activity of increasing concentrations of pooled normal human
serum for K. pneurnoniae (H). Abbreviations used were as follows :
W, polymorphonuclear leukocytes ; PNHS , pooled normal human serum.
The points represent mean values of 2 determinations , and each
vertical bar represents the standard error of the mean.
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Figure 40. Comparisons of the opsonic activities of norma l human sera and sera
depleted of immunoglobulin and/or classical pathway activity for S.
marcescens (W). Abbreviations used were as follows : W, polymorpho—
nuclear leukocytes ; PNHS, pooled normal human serum ; N1...3, individual
normal sera; HS13, individual hypogammaglobulinemic sera; MS—A ,
hypo~ammaglobulinemic serum further dep leted of IgG by immunoadsorption ;
APNHS , PNHS heated at 56°C for 30 minutes; MgEGTA—PNHS , PNHS treated
with 10 mM eth ylene glycol tetra-acetic acid (EGTA) and 10 mM MgC12;
C7dHS , C2 deficient human serum ; MgECTA—HS13 , hypogammaglobulineniic
s~ ra treated with 10 mM EGTA and 10 mM MgC12. The concentration of
sera u sed in the reaction m ixtures was 5%. The points represent mean
values of 1 to 4 determin~t1ons , and each vertical bar represents the
standard error of the mean.
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Figure 41. Comparisons of the opsonic activities of normal human serum and sera
depleted of immunoglobulin and/or classical pathwa y activity for S.
marcescens (S). Abbreviations used were as follows : W , polymorpho-
nuclear leukocytes ; PNHS , pooled normal human aerum ; }IS1_3, individu-
al hypogammaglobulinemic sera ; HS—A , hypogammaglobulinemic serum
further depleted of IgC by inununoadsorption ; ~PNHS, PNHS heated at
56°C for 30 mInutes; MgEGTA-PNHS , PNHS treated with 10 raM ethylene
glycol tetra-acetic acid (EGTA) and 10 mM MgCl~ ; C2dHS , C2 deficient
human serum; M8EGTA—HS1_3, hypogammaglob uilinemni c sera treated with
10 mM ECTA and 10 mM MgCl2. The concen tratLort of sera used in the
reaction mixtures was 5%. The points represent mean values of 2 to
4 determinations , and each vertical bar represents the standard
error of the mean .
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h. Discussion

The requirements for immunoglobu iin and the classical and alter-
nativ e complement pathways for phagocytosis and intracellul ar killing of t he
test strain s by PM~s ar~ summarized in Table 11. All of the strain s were
phagocytosed and killed intracellularly onl y in the presence of serum arid ~~~~~
and not h~ either alone. In addition , none of the str a ins was ~oagocytesed by
PMNs in the absence of comp lement , as ev idenced by the in ab i lity of de em ;~i e —
mented PNHS to promote pha~ ocytosis . Seven of the thirt een micr oor ,yinisns
inc l uded in this study demonstrated a requirement for immunog lobulin for ~‘i~ag~ —
cytosis , and utilized only the classical cump ler ent pathway ~or some ot~-er Ca~~
or C2 dependent pathway, such as the Cl bypass (7~~) } .  Three of the m icr r~ an—
i sms required i rnmunoglobuiin for phagocytosis and utilized both the classical
and alternative pathways . Two of the mi (roorganism s required minima i immuno-
globulin , if any, and utilized the classical pathway for phagocytosis. (inc o:
the microor ,’anisms did not require imrnunoglobu l in for phagocytosis , ar.d utili zed
both comp lem ent pathways.

It is well known that  antibacterial antibodies can tri~ ?er the s~-~ u u- rt ia j
activation of the classical pathway, and this process was probably operative
in opsonization of the first group of microorganisms . The role of i J1.ufl(j~~ obU—
u n  In opsonization of those microorganisms which utilized the altern at~ ve as
well as the classical complement pathway Is uncertain. Available evidence
indicates that activation of the alternative pathway by inu lin or zy I r o s a r :  occurs
in the absence of Immunog lobulin (19). Lysis of Trylanosona cyciop~ ( T h )  anu
rabbit erythrocytes (/5 ) has also been shown to occur via the alternat ive path-
way without a requirement for conventional antibodies. In contrast , IgG has
been shown to participate in lysis of measles virus infected cells via the
alter native pathway (G,). Add itionally, immunoglobulin was shown to be required
for bacteriolysis of E. coll via the alternative pathway in bovine serum (7 ).

It has been hypothesized that the alternative comp lement pathway may repre-
sent a mechanism for the activation of immune defenses when sufficient quantities
of antibody are not available for activation of the classical pathway (71). It
is interesting that none of the ml roorganisms tested in our study utilized
only the alternative pathway in the absence of irnmunoglobulin or could be forced
to  utilize the alternative pathway du r ing phagocytos is in sera depleted of both
imrnu nnglobulln and classical pathway activity.

The observ ation that classical pathway utilization could occur in the ab—

• sence of immuno globmi lin during the opsonic process has not been previously
reported . Loos et  al. (50) and Morrison and Kline (51) have provided evidence
to suggest that the lipid A moiety of lipopol ysaccharides can interact directly
with the Cl q subunit ot Cl to initiate classical pa thway activation in the ab—
5.- le e of l IrIrImu n oglo hul in. The results of our stud y suggest that this mechanism
may be operative during opsonization of certain gram—negative aerobic micro—
organ i snis.

The m i n i m a l  i tumo en tr at iu n of PNIIS required to promote maxima l phagocytosis
and intracel lular killing by P~~s was found to vary among the test strains .
Eight of the microorgan i sms required 5% PNHS , and three microorganisms required
10% PNHS for optimal pliagocytosis. The other two microorganisms , isolates of
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Table 11. Summaçy of the Requ i rements for Immunog lohu lim and the Alttr-
native and Classical  Comp l ement Pathway s f o r  Pha~ ocytos is  of C l i n i c a l

Isolates of E . coli , P . mir ab il i s , K. 2n~ urnoniac , and S. marc e scens

Classical Alternative
Microorganism IgC Pathwa yd Pathway

E. COli (A)a + + -

E. coli (F)~ + + -

E. c~~~ f (p ) a - + -
E. coli (H)b — + —

P. mlrabilis (H)a + + -

!. rn i r bi i (A)a + + +
P. mlrabilis (C)b + + +

K. pneurnoniae (Wo)a + + +
K. p~ eumoniae (W) b + + -

K. pneu moniae (B)a + + -
K. pneumoniae (H) a + + -

S. marceac ens (W) b + + -

S. marcescens (S 
~ 

b - + +

aMicroorgan i sms were isolated from burned patients.

bMicroorganisms were isolated from medical patients.

cMinus sign indicates a minimal or non—existent requirement for
immunoglohulin.

dclasslcal pathway or some other Ca~~ or C2 dep endent pathway.
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K. pneumonlae , were phagocytosed only when the concentration of PM-IS was In-
cr eased to 207. or 30%. This observation indicated that the level of opsonins
required for effective phagocytosis by Pt~~s va r i ed  quantitatively with differ-
ent strains of bacteria , even within the same species. This interpretation is
1mm agreement with the concept of a quantitative variability of opsonic require-
ments for opt imal phagocytic killing of bacteria , wh ich was recently presented
by Cuckian et al. (75).

Opsonic requirements for phagocytosis of different strains within the same
gram-positive species have been recently investigated . Four S. pneurnoniae
serotypes were shown to be phagocy tosed in hypogammagl obu l inem ic ser um , but to
vary ing degrees of efficiency (76). Similarly, all four serotypes could be
phagocytosed to some extent in human serum treated with ECTA and MgCl 2 and j~ i

C2 def icien t serum . A heterogeneity of opsonic requirements among strains of S.
aureus has also been reported (52). Two strains were shown to be phagocytosed
in hypogammaglohulinemic serum , and were only slightl y phagocytosed via the
alternative complement pathway. A third strain demonstrated a requirement for
immunoglohulin , and efficient phagocytosis proceeded via the alternative path-
way. It was proposed that the heterogeneity among S. aureus  strains might be
related to the presence or absence of the protein A moiety, which could prefer-
entially activate the classical complement pathway via non—specific interaction
with the Fc fragment of lgC .

Our data support the observations that a heterogeneity of opsonic require-
men ts exists among different strains of the same species , not only among gram—
posI tivt~ microorganisms as discussed above , but among gram-negative aerobic
m icroorganisms as well. In our study , the test strains isolated from burned
pat ients did not demonstrate a unique pa tt ern of opsonic req u ir emen ts , in com-
parison to the same species isolated from medical patients. Rather , a hetero-
gene ity of opsonic requirements for all strains was demonstrated .

Rec entl y, Peterson et al. investigated the resistance of encapsulated S.
aureus strains to phagocytosis by PMN s (77). The opsonic requirements between
encapsclated and non—encapsulated strains were shown to differ. The presence ol~
a capsule was shown to interfere with opsonization via the classical or alterna-
tive comp lement pathways and with opsonization by heat—stable factors . It was
proposed that a capsule might interfere with S. aureus  opsonization by covering
cell wa l l  peptidoglycan , the port ion of the cell wall in which immunological
specificity resides. It is interesting to speculate that one of the factors
c o n t r i b u t i n g  to the d i f f e r e n c e s  in opsonic requi rements  among the test  s t r a i n s
in our stud y might be the presence or absence of capsular material.

One of the most important questions remaining to be answered regards the
role ot imnmunoglobulirm In the opsonic proccss. If immunog lobul in  is req ui red
for effective phagocytosis , as was demonstrated for most of the bacterial strains
used in our study, then is ft required for activation of the alternative and/or
classi c-al complement pathways , or for other steps in the opsonic process (or
for a combina tion of both)? The next section of this report addresses this
question by examining the ability of the test strains to activate the classical
and alternative pathways in sera containing various imsiunoglobulin levels.
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2. Studies to determine the rejuirernent for lmmuno1.-lobui in_~~~ a v a  t ion
of the a l te rna t ive  comp emen waj by gram-n~~ ative aerobic micro-
or~~~ isms

a. Resul ts

In the preced ing section of this report (Cl), the requirements for
immunoglobulin and the alternative and classical complement pathways for phago-
cytosis and intracellular killing of gram—negative aerobic microorganisms were
determined . Most of the microorganisms required immunoglobulin and utilized
the alternative and/or classical pathway during the opsonic process. Other
mic roorganisms did not require imnmunoglobulin for phagocytosis and utilized the
alternative and/or classical pathway . None of the microorganisms utilized the
al terna tive pa thway in the absence of immunoglobulin . The demonstration of a
requ irement for immunoglobulin for phagocytosis when the alternative complement
pa thway was u tilized led us to inves t iga te the role of immunoglobulin in the
opsonic process. The purpose of the present investigation was to determine if
inununoglobulin was required for activation of the alternative complement path-
way or for other steps in the opsonic process.

The same microorganisms used in our previous study were tested for  their
ability to convert C3 and to initiate C3 to C9 consumption in human sera de-
pleted of classical complement pathway activity and/or imnmunoglobulin. Sera
were identical to those previously used. Washed heat—killed bacterial cells
in saline at a final concentration of 1.0 x l0~ cells/mi were incubated in sera
for one hour at 37°C. The cells were deposited by centrifugation , and C3
conversion and C3 to C9 consumption were determined . C3 conversion was measured
by reduction in the B antigenic determinant of C3 by radial immunodiffusion , and
C3 to C9 consumption was measured by a standard hemolytic method using EAC14
cells and pur ified human C2. Saline was substituted for the activating sub-
stances in the controls. Statistical analyses were performed by the unpaired
Student t test.

Conversion of C3 by the microorganisms in hypogammaglobuiinemic serum (HS)
was not significantly different from C3 conversion in pooled normal human serum
(PNHS) , with the exception of E. coil (P) and (H), P. mirabilis (H), K. ~~~~~~~~~~~~

moniae (W), and S. marcescens (W) and (S) which converted C3 to a lesser extent
in HS than in PNRS (Table 12). C3 conversion by all of the microorganisms in
HS further depleted of IgC by immunoadsorption (HS—A) was significantly de-
creased , in comparison to C3 conversion in PNHS. In contrast , in u lin conver ted
C3 equivalently in PNHS, HS , and HS—A. All of the microorganisms initiated
C3 to C9 consumption in HS equivalent to , or slightly higher than in PNHS ; the
microorganIsms initiated C3 to C9 consumption in HS—A to a lesser extent than in
PNHS (Table 13). These results indicated that iminunoglobulin was required for
optimal complement activation by the microorganisms . In contrast , iminunoglobu—
u n  was not required for complement activation by inulin .

The ability of the microorganisms to convert C3 in sera depleted of immuno—
globulin and/or classical pathway activity was next invest~gated . All of the
microorganisms converted C3 in PNHS treated with 10 nIl ethylene glycol tetra—
acetic acid (ECTA) and 10 mM MgCl2 (MgECTA—PNHS) equivalent to that in untreated
PNH S, with the exception of F. colt (A), (P), and (H), and S. marcescens (S)
which demonstrated slightly lower C3 conversion in MgEGTA-PNHS (Table 14). No
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Table 12. C3 Conversion by Heat-Killed Gram -Neg~ t lye Bacteria in
Pooled_Normal Human_Seru~~ (.-PNHS), ~~~~~~~~~~~~~~~~~~~~~~~~~~~ (ES),

and MS Further Depj~~ed of IgQ~~y Iminunoadsorption (HS-A)

C3 Conversion (%)~Activatinga
Substance PNHS MS HS—A

Inulinb 59.4 53.3 56.2

E. coli (A)d 46.7 38.8 21.3
E. coil (F)d 46.0 40.8 19.8
E. coil (p)d ,e 57.8 46.0 36.7
E. coli (H) d,e 52.8 42.0 11.5

P. mirabilis (H)d ,e 50.3 36.5 17.0
P. mlrabilis (A)d 46.0 39.3 12.5
P. mirabills (C)d 50.3 41.5 13.5

K. p~eumoniae (Wo)
d 52.0 48.3 29.8

K. pneumoniae (W)d,e 59.3 49.3 29.7
K. p~eumoniae (B)

d 45.0 45.3 25.0

S. marcescens (W)~~
,e 70.3 55.3 55.3

S. marcescens (S)d ,e 64.8 41.0 33.2

aFinal concentration of bacteria was 1.0 x ~~~ cells/mi ..

bFinal concentration of inulin was 10 mg/mi .

CMean values of 2 to 6 determinations are presented .

dPNHS vs. MS—A; p — < 0.05.

epNHS vs. HS; p — < 0.05.
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Table 13. C3 to C9 Consump t ion bj~~Heat-K1l1ed Crarn-Ne&atlve  Bacter ia

~n~~~~QL~0rfl !a1 I u n n Serum (PNHS ) ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
and HS F u r t h e r  Dep leted of J.~ G ~

y immunoadsoçp t Ion (H~~~j

C3 to C9 Consumption
(%) C

Act iva t inga 
-

Substance PNHS ES ES—A

Inulln b 83 92 90

E. coii (A) 72 92 52
E. coil (F) 60 92 57
E. coil (P) 91 93 65
F. coil (H) 68 92 9 .5

P.  mirabili s  (H) 71 92 10
P. mirabl lis  (A) 92 92 20
P.  mirabil is  (C) 92 92 10

K. pneumonlae (Wo ) 92 92 71
K. ~~ eumoniae (W) 92 92 62
K. p~~~imonlae (B) 72 92 48

S. marceacens (W) 92 92 90
S. marcescens (S) 91 93 90

aFinal concentration of bacteria was 1.0 x i~
9 cells/mi.

bFina l concentration of inulin was 10 mg/mi .

Cvalues from one determination are presented .
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Table 14. C3 Converslon ~y H e a t - K i l l e d  Grarn-Ne~ a tIv e  Bacte r ia  in Sera
~~p 1et ed o~~~~~~~~~~~~ _~~~~ w~y ~~~~~~~~~~~~~~~~~ Immuno~ l obu lt h

C3 Conversion (%) C

Act ivatinga Mg EGTA— MgEGTA— MgECTA-
Substa nce PNHS d PN HS e 

~~~ HS E HS_A b H S—A~

Inulin b 59.4 60. 0 53.3 52.0 53.3 52 .7

E. coil (A)~ 46.7  35.3 38.8 41.8 18.0 19.0
E. coil (F) 46.0 36. 0 40.8 44 .7  16.0 17.0
E. coil (P)i 57.8 46.7 46.0 43.0 32.3 24 .6
E. coli (H)~ 52.8 42.0 42 .0  39.5 17.3 21.3

P. mirabiiis (H) 50.3 40.7 36.5 38.5 23.0 24.5
P. mirabilis (A) 46.0 38.0 39.3 38.8 24.0 22.5
P. mirabilis (C) 50.3 44.3 41.5 39.5 32.0 24.0

K. pneumonlae (Wo) 52.0 46.0 48.3 42.3 24.0 13.0
K. pneumonlae (W) 59.3 55.0 49.3 46.5 25.0 20.5
K. pneumonlae (B) 45.0 44.3 45.3 39.5 19.0 26.5

S. marcescens (W) 70.3 70.7 55.3 49.8 31.3 34.7
S. inarcescens (S) J 64.8 54.3 41.0 43.8 29.7 27.0

aFinal concentration of bacteria was 1.0 x ~~~ cells/mi .

bFlnal concentration of Inulin was 10 mg/m i .

CMean values of 2 to 6 determinations are presented .

dp~~5 — pooled normal human serum.

eMgECTA_p~flS - PNHS treated with 10 mM EGTA and 10 nIl MgC1 -,.

1HS = hypogamsnaglobulinemic serum.

8MgECTA-HS - HS treated with 10 mM EGTA and 10 mM MgC12.

hHS...A — HS further depleted of IgG by immunoadsorption .

1MgECTA-HS-A - HS-A treated with 10 mM ECTA and 10 mM MgCl2.

1PNHS vs. MgECTA—PNHS; p — < 0.05.



signif icant differences in C3 conversion by the microorganisms were demonstra-
ted in ES and ES treated with 10 mM EGTA and 10 mM MgCl~ (MgEGTA—HS), or in
MS—A and HS—A treated with 10 mM EGTA and 10 mM MgC12 (MgEGTA—HS~.A) . Inulin
converted C3 equivalently in all treated and untreated sera. No differenc es
in C3 to C9 consumption by the microorganisms or inulin were demonstrated in
PNHS and MgEGTA—PNNS, or in ES and MgEGTA—HS (Table 1.5). These results ind i-
cated that all of the microorganisms were capable of efficiently activating
complemen t via the alternative pathway, and that the requirement for imzouno—
globulin was minimal or non—existent for alternative complement pathway activa-
tion.

b. Discussion

Available evidence regard ing the immunoglobulin requirement for
alterna tive pathway activation has indicated that the requirement differs
accord ing to the activating substance. Activation of the alternative comple-
ment pathway by inulin or zymosan appears to occur in the absence of iminuno—
globulin (19). Lysls of Trypanosoma cyclops (58) and rabbit erythrocytes (59)
via the alternative pathway has been shown to occur without a requirement for
antibodies. In contrast , immunogiobulin has been shown to parti ipate in
lysis of measles virus infected cells via the alternative pathway (60). In
addit ion , immunoglobulin was shown to be required for bacteriolysis of E.
coil via the alternative pathway in bovine serum (73). The results of our
investigation indicated that optimal complement activation by the gram—nega-
tive t~icroorganisms required immunoglobulin , suggesting that classical pathway
activation was involved . However, immunoglobulin was not shown to be required
for alternative pathway activation by the microorganisms .

Although all of the microorganisms used in our study were shown to be
capable of activating the alternative complement pathway when added directly
to human sera, only four of the 13 microorganisms utilized the alternative path-
way during phagocytosis. One explanation for this observation is that the
opsonic products derived via alternative pathway activation were less efficient
in promoting phagocytosis , in comparison to products derived via classical
pathway activation . Another hypothesis is suggested by the recently published
data of Fearon and Austen (67). These investigators demonstrated that zymosan
and rabbit erythrocytes provided privileged sites that protected C3b deposited
on their surfaces during alternative pathway activation from the action of the
regulatory proteins C3b inactivator (C3b INA) and 81H. Zymosan and rabbit
erythrocytes thereby allowed transition from low grade C3 cleavage to the am-
plification stage of C3 cleavage during alternative pathway activation . If this
mechanism was involved in alternative pathway activation by the microorganisms ,
protective sites on the microbial surface might become altered during the
phagocytic event. If this happened , utilization of the alternative pathway
during phagocytosis of the microorganisms would not be demonstrated .

Our results also suggested that iminunoglobulin was not required during
phagocytosis for altering the microbial surface to protect C3b deposited by
alternative pathway activation from the action of C3b INA and 61K. Immunoglobu—
lin was not shown to be required for alternative pathway activation by the
bacteria , and therefore must be required for other steps in the opsonic process.
For example , immunoglobulin may be required for phagocytic uptake of the micro-
organisms . Mantovani (78) and more recently, Ehlenberger and Nussenzweig (79)
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Table 15. C3 to  C9 Consumption by H e a t — K I l l e d G r am -N eg a t i ve B.u t e r i a
In Sera Dep le ted  of C las sica l  Pathw~y A ct i v i~y~ and /o r  1mmun ~~~lobul  in

C3 to C9 Consumption (7~) C

A c t i v a t i n ga MgECTA — MgL ( .IA
Substance PNHS d PN M S C H S 1

Inulin b 83 81 92 91

E. coli (A) 72 73 92 91
E. coii (F)  60 63 92 91
E. coil (P) 91 81 93 90
E. coli (H) 68 70 92 91

P. mirabilis (H)  71 69 92 91
P. mlr ab il i s  (A) 92 92 92 91
P. rnlrabilis (C) 92 85 92 87

K. ppeumoniae (Wo) 92 93 92 91
K. pneumoniae (W) 92 90 92 91
K. pneumoniae (B) 72 90 92 91

S. marcescens (W) 92 92 92 91
S. marcescens (5) 91 94 93 90

aFina l concent ra t ion  of bacter ia  was 1.0 x iO~ ce l l s /mi .

bFinal concentration of inulin was 10 mg/mi .

CValues f rom one determination are presented .

dPNHS pooled normal human serum .

eM8EGTA...pNHS = PNHS treated with 10 mM ECTA and 10 mM MgCI2.

1HS hypogammaglobulinemic serum .

8MgEGTA—HS = ES treated with 10 mM ECTA and 10 mM MgCl2 .
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have demonstrated separate but synergistic roles for lgG and C3b in erythro—
phagocytosis; IgG was required for ingestion of erythrocytes by polymorphonu—
clear leukocytes , whereas C3b was required for attachment. It has also been
demonstrated that PMN s increased their oxidative metabolism upon binding to
C3—coa ted Sepharose beads , without requiring the presence of lgG (80). However ,
degranulation and release of lysosoma l enzymes occurred only when the PM~ s
encountered C3 in the presence of IgG . It could perhaps be speculated that
IgG might facilitate lysosomal fusion and the subsequent release of digestive
enzymes into the phag olysosome , thereby increas ing in t race l l u la r  k i l l ing  of
the m icroorganisms .

3. Studies to determine the rnechanisns of comp lement activated by i
sacchar lde and lipid p~ ep~ red f r o m  ~ ram-nega t lye aerobic bat iii I

a. Results

In our p rev ious  s tud ies , i n t ac t  ce l l s  of g r a m — n e g a t i v e  aerobic
bacilli were shown to be capable of activating the alternative comp lement
pathway (53). Eff icient alternative pathway activation was achieved utili zir~
washed heat—killed cells of Escherichia coil 075, Proteus mirabi lis 7056 , Pseuc~-
monas aer ug inosa 73044 , and Salmonel la  minneso ta  S form (SF1114). S. minnesota
chemo t ype Rb which lacks the 0 antigen and acety lgi ucosamine attached to the
terminal g lucose but contains the rest of the basal core and S. minnesota
chemotype Re which contains only )(D0 and lipid A were not found to be as effi-
c ient as the other gram—negative bacilli in activating the alternative pathway.
These m icroorganisms were , however , highly ac tive in initiating classical path-
way ac tivation. These results provided preliminary evidence to suggest that
the polysacch aride mo iety of the llpopolysaccharide (LPS) activated the alter-
na t iv e comp lemen t pathway , and the lipid A moiety activated the classical path-
way . The purpose of the present investigation was to determine if our results
concerning the moieties of the bacterial cell wall involved in activation of
the classical and alternative pathways could be confirmed utilizing purified
lip id A and LPS prepared from our test strains.

LPS and lipid A were prepared from E. call 075, P. m ir a b il i s  7056 , P. aeru—

~1nosa 73044, S. m1nnesot~ SF1114 , and E. coli (A), a strain isolated from the
blood cul ture of a burned patient . Since there is evidence tha t the method of
purification of the cell wall components may influence their biological activi-
ties (49 ,50) . LPS was prepared by phenol—water extraction and tested before and
after RNAse treatment. In addition , lipid A was prepared by hydrolysis with two
different acids. LPS was extracted by the phenol water method ot~ Westphal and
Jann (81). The water extracts were precip itated by 2.5 volumes of ethanol , and
the precipitate was deposited by centrifugation after 18 hours at 4°C. The
preparation was dissolved in water and lyophilized ; this preparation was desig-
na ted LPS—l . LPS—l was further purified by treatment with RNAse (82). Twenty
mg per ml of LPS—l in 0.01 M phosphate buffered saline , pH 7 . 0 , was incuba ted
for  1 hour at room t empera tu re  wi th  RNAse ( f i n a l  concentration of 25 ~g /m1) .
This so lu t ion  was dialyzed extensively at 4°C against the same buffer and
lyophilized . This preparation was designated LPS—2. LPS—l and LPS—2 prepara-
tions were redissolved in 0.01 M phosphate buffered saline , pH 7.0, prior to
use. Lipid A-l was prepared from LPS—l after hydrolysis in 0.05 N HC1 at 100°C
for 1 hour (82). Lipid A—2 was prepared from LPS—1 after hydrolysis in 1%
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glacial acetic acid at 100°C for 2 hours (Ui). All lipid A preparations Were’
washed twice w i t h  distilled water , solubilized with 1% t r ie thyl amine in ~hos-
phate  b u f f e r e d  sa l ine , and sonicated prior to use (83).

Increa sing concentrations of LPS and lipid A prepared from the microergan—
isms were added to pooled normal human serum (PNHS) and normal guinea pig serum
(NCPS), and C3 to C9 consumption was measured (h4). Controls for the experi-
ments were PNHS or NGPS treated with phosphate buffered saline or phosphate
buf f e r e d  sal ine cont a ining 1% triethy lamine. No consumption of C3 to CY wa~.
achieved until the preparations were added at final concentrations of 1 mg/nd
or greater. Therefore , in the experiments to be described , the preparations
were used at final concentrations of 1 mg/mi and 5 mg/ml respectively.

Washed heat—killed bacterial cells , LPS , and lipid A prepared from the micro-
organisms were compared for their ability to Initiate C3 to C9 consumption in
untreated PNHS and in PNHS treated with 10 mM ethy lene glycol tetra—acet ic
acid (ECTA) and 10 mM MgCl 2 (MgECTA—PNHS). Treatment of PNHS with ECTA and
magnesium ions was used to block classical pathwa y activity as described in
section’; (1 and C2 of this report. LPS—1 prepared from all of the niicroorgan—
I sms was as efficient as heat—killed (A) cells in initiating Ci to C9 consump-
tion in untreated PNHS (Table 16). LPS—2 was less efficient than LPS—1 In
activating C3 to C9 in PNHS. No consistent differences were observed between
the abilities of lipid A— l and lip id A—2 to initiate C3 to C9 consumption in
PNHS , al though all preparations were less efficient than LPS—l. C3 to C9 con-
sumption by all of the activating substances was reduced in MgECTA—PNHS . 1.
cells and LPS—l preparations were the most efficient activating substances in
initiating C3 to C9 consumption in MgECTA—PNHS .

Similar results were obtained when C3 to C9 consumption by the activatin ,

~uhstances in NGPS and C4 deficient guinea pig serum (C4dGPS) was determined .
With the exceptions of E. coil (A) and P. niirabllis 7056, LPS—l preparations
were as efficient or more efficient than A cells in initiating C3 to C9 con-
sumption in NGPS (Table 17). LPS—2 preparations were less efficient than LPS—1
preparations in initiating C3 to C9 consumption in NGPS. LPS 2 prepared from
P. m frabilis 7056 and S. mfnnesota SF 1114 initiated C3 to C9 consumption in
NCPS only at concentrations of 5 mg/ml, and LPS—2 repa red from E. cull (A) had
no anticomplementary activity at this concentration. No consistent difference s
between lipid A—i and lipid A—2 preparations were observed , howev er a l l  l ip id
A pr epar;itions were equally or less efficient than LPS—1 preparations in Initi—
atlrig (~~ to C9 consumption in NCPS. C3 to C9 consumption by all of the activa-
ting substances was markedly reduced in C4dCPS. A cells of E. coli A and P.
ml rab ilis 7056 were the only activating substances that efficiently initiated
consumption of C3 to C9 In C4dGPS (> 31%). C3 to C9 consumption by inulin and
cobra venom factor was 55% and 77% respectively, indicating tha t the alternative
complement pathway was intact in C4dGPS. In addition , purified guinea pig C4
was shown to restore lysis of sensitized erythrocytes in C4dGPS , indicating that
only C4 was deficient In the serum.

b. Discussion

The LPS cell wall component of gram-negative aerobic bacilli has
been repeated ly shown to be anticomplementary (46—51 ,85-90). Evidence has been
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Table 16. Consumption of C3 to C9 by Hea Killed B a c t e r i a  L~~~ polysaccha ride (L~~~
and Lipid A in PNH~~~~~~~~~~ EGTA-PNH S’~~ 

C3 to Cg consumption ( % ) C

- -  

PNHS MgEGTA—P ~~H S 
-

Microorganism Preparation Tested 1 mg/ml~ S rng/m ld l mg/mi d S mg/mi~~

E. call 075 H e a t — k i l l e d  (A )  cellse 74 64
93 92 24 81
57 40 16 32

Lipid A — i ” )  32 40 16 8
Lip id  A_ 2j ,k 30 30 4 8

F .  coil (A) A cel ls  94 84
LPS— i 94 93 24 81
LPS—2 49 39 12 19
Lipid A— i 45 41 32 38
Lip id A-2 52 43 8 23

P. aerjg~~~~~ A cells 9? 80
73044 LPS—l 97 65 21 51

LPS—2 57 62 26 38
Lipid A— i 46 48 4 8
Lipid A— 2 38 48 0 0

P. mirabi li s  A cells 92 84
7056 LPS—l 46 92 16 77

LPS—2 32 66 12 44
Lipid A—l 32 41 8 16
Lipid A—2 34 68 46 39

S. minnesota A cells 94 84
SF1114 

— 

LPS—l 94 93 26 81
LPS—2 53 39 16 9
Lipid A—l 55 48 0 12
Lipid A—2 48 21 0 0

aPNHS — pooled normal human serum .
bMgECTA_PNRS pooled norma l human serum treated with 10 mM ECTA and 10 mM MgC12.
Cva lu e s  of s ingle  de t e rmina t i ons  are presented .
dFinal concentrations of LPS and lipid A tested in the assays.

ewashed bacterial cells heat—killed at 70°C for 1 hour were tested at a final
concentration of 1.0 x l0~ cells/mi.

~LPS—l was phenol—water extracted ethanol precipitated LPS prior to RNAse treatment .

to C9 consumption was calculated using phosphate buffered saline treated PNHS
or MgEGTA—PNHS as the control.

hLpS 2 was phenol—water extracted ethanol precipitated LPS after RNAse treatment .
1Lip id A-i was prepared by acid hydrolysis with HC1.

iC3 to C9 consumption was calculated using PNHS or MgEGTA—PNHS treated with phos-
phate buffered saline containing 1% triethylamine.

kI~ip Id A— 2 was prepared by ac id hydrolysis with glacial acetic acid.
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Table 1/. Consumpt ion of C3 to C9~~ y Heat-Ki11ed Bac te r ia , Lipopol1sacchar ide  ( 1 P ~~)
J4(~~~~ n 4dcP~~

C3 tc C9 Consumpt ion  (%) c

NCPS C4d CP S
Microorganism Preparation Tested 1 mg/mld ~ mg/mi d 1 mg/mId S mg/mi d

E. coli 075 Heat—Killed (A) celise 80 17
88 96 5 . 7  4.9
68 68 1.4 0

Lipid A— 1 1’~ 67 83 0 0
Lipid  A_ 2 ] , k 66 68 7 . 5  0

E. call (A) A cells 91 59
LP S— 1 Si 46 3.1 9 . 2
LPS—2 0 0 1.5 6.2
Lipid A—i 68 65 6.1 3.8
Lipid A—2 56 68 2 . 3  5 . 9

P. aeru~~1nosa A cells 87 5 .8
73044 LPS—i 78 91 0 0

LPS—2 67 68 0 0
Lip id  A—i 68 64 13.8 7 . 3
Lipid  A— 2 40 37 4 . 9  8.1

P. m i r a b i l is A cells  91 32
7056 LPS— l 44 83 5 2

LPS—2 0 40 0 0
Lip id  A—i 69 75 13.5 21.1
L i p i d  A—2 81 88 25 .5  2 5 . 4

S. minnesota A cells 75 9 .1
SF1114 

- 

LPS—l 96 99 0 2 . 9
LPS—2 0 44 0 2
Lipid A—i 77 73 0 0
Lipid  A—2 75 67 0 0

aNCpS normal guinea pig serum .
bc4dcl s C4 deficient guinea pig serum.

Cvalues of single determinations are presented .
dpinal concentrations of LPS and lipid A tested in the assays.

eWaslied bacterial cells heat—killed at 70°C fo r  1 hour were  tes ted at a f i n a l
c o n c e n t r a t i o n  of 1.0 x iø~ c e l l s / m i .

~LPS— 1 was pheno l-wa te r  ex t r a c t e d  e thano l  p r e c i p i t a t e d  LPS prior to RNAse treatment.

to C9 consumption was calculated using NGPS or C4dGPS treated with phosphate
buffered saline .

hLpS..2 was phenol—water extracted ethanol prec ip itated LPS after RNAse treatment.
1LipId A— i was prepared by acid hydrolysis with HCI.

~C3 to  C9 consumpt i on was calculated using NCPS or C4dGPS treated with phosphate
buffered saline containing 1% triethylamine.

kLtpid A—2 was prepared by acid hydrolysis with glacial acetic acid .
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provided to support the concept that LPS is capable of activating cor’plement by
a Cl42—imdependent mechanism (47,48 ,8 6 — M b ) .  More  r e c en t l y ,  severa l  i n v u s L i ~y~1o rs
have shown that LPS activates the classical as well as the alternative comple-
ment pathway (49,51,89 ,90). The primary objective of several of these investi-
gat ions was to determine the moiety of the LPS which was responsible fur its
anticomp lementary activity (49 ,51). Calanos et al. (49) demonstrated that LFh
prepared from Salmonella and E. call S and P mutant strains by extraction with
phenol-water or phenol—chloroform— petroleum ether varied in their abili ty to
reduce total hemolytic comp lement in norma l guinea pig serum . Lipid A prepared
by g l acial acetic acid hydrol ysis from both active and non—active LPS prepara-
t ions was , however , strongly anticomp l ementary when made water—soluble b) the
aid of carriers; however , l ip id  A sol ub i l ized by triethylarnine or pyridine had
no anticomp lementary activi ty. Morrison and Kline (51) showed that lipid A
prepared from S. t1phimurium R60 LPS by glacial acetic acid hydro lys i s  and
solubilized in triethylamine and LPS prepared from S. m innesota chemotype Re
were more efficien t on a weight basis in reducing total hemolytic complement in
normal human sera than commercial l y pr epared or phenol—wat er extracted LPS from
smooth str ains of E. call. Consumption of early components (Cl, 4, and 2) by
S. minnesota chemotype Re LPS was greater than by the P. coli LPS preparations.
The capac i ty  of S. m inneso ta chemotype Re LPS to convert  C3 in PNHS was com-
p le ted  abbroga ted  in C2 deficient human serum , whereas C3 conversion by P. co i l
LPS in PNHS and C2 d e f i c i e n t  serum was equivalent. The investigators concluded
from these observations that the ability of LPS to activate the classical path-
way was a function of the lipid A moiety, and that the polysaccharide region was
responsible for alternative pathway activation. In addition to these investiga-
tions , Loos et al. showed that lipid A interacts directl y with the Clq subunit
of Cl to inhibit Its ability to form C3 convertase activity with purified C4 and
C2 (50 ).

In the studies which have been described above (46—51 ,81—90). LPS w;Is
prepared from the bacterial strains by phenol—water extraction or phenol—chloro-
form—petroleum ether extraction , and RNA was not removed from the preparations .
Leive et al. have shown that phenol—water extracted LPS contains approximately
50% contaminating RNA (82). Purification of LPS by f r a c t iona t ion on Seph aros e
4B , as was performed in the experiments of Morrison and Kline (51), wo u ld only
remove RNA which was not comp lexed to LPS. in our experiments , RNA app eared to
play a definite role in the antleomp l ementary activity of LPS , because removal
of RNA by treatment of LPS with RNAse either markedly reduced or comp letely
abolished the ability of the LPS preparation to initiate C3 to C9 c o n s u m p t i o n .
In addition , lipid A prepared by hydrol ysis with two different acids and solu—
bilized in triethylam ine was not found to be more efficient on a weight basis
in activating complement than phenol—water extracted LPS prior to RNAse treat-
ment. Lipid A was as efficient on a weight basis as phenol—water extracted
RNAse treated LPS in initiating C3 to C9 consumption in norma l human serum , and
was only slightly more efficient in activating terminal components in normal
gu inea pig serum.

Phenol—water extracted LPS after removal of contaminatin g RNA was markedly
less eff icient than heat—kil led intact cells In activating terminal comp lement
components In either human or guinea pig serum. This observation suggested that
the ability of the heat—killed bacterial cells to activate complement was not
solely dependent on the LPS or’ lipid A in the bacterial cell wall , or that the
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procedures for removal of LPS and lipid A from the bacteri.d cells ,4
t h e i r  a n t i c o m p l e men t a r y  activities.

P h e n o l — w a t e r  e x t r a  ted LPS p r e p a r a t i o n s  b e f o r e  or a f t e r  PNAse t r e i t r i n t
were more e fficient than lipid A preparat ions i i  a c t i v a t i n g  the  a 1 t er r e~t i v
cornp l ement  pathway in human serum . }4oweve r , a l l  of the  p repa rat ions a t i Va t eU
t e r m i n a l  c omponeri t s in normal  human serum much more e l f  Ii I en t 1 y than  in hw~;a
serum lacking cla ssical pathway activity. These results suggested th a t li p id A
could o n l y  ;~~t iv a t e  the  c l a s s i c a l  or ano the r  c a l c i u m  d e p e n d e n t  p a t h w a y in  hurr . a ri
serum , and t ha t  LPS a c t i v a t e d  the c l a s s i c a l  as we l l  as the alternative patI waij .
However utilizing C4 deficient guinea pig serum , n e i t h e r  LPS nor l i p i d
p r e p a r a t i o n s  consumed t e r m i n a l  comp l e m e n t  components , suggesting that ~ipi ’i A
and LPS were I n c a p a b l e  of activating the alternative pathway in this seruc .
The results could be e x p l a i n e d  by the  lack of a n t i b o d y  to LPS or  l i p i d  A in t i e
C4 deficient guinea r i~ serum , since intact heat—killed bacterial c ells also
did not ~o t i/a te termir .al components in this serum as efficientl y as in normal
guinea pi~ serum. This concept is furth er supported by the ubserva~~ion that
int ac t cel ls activated the alternativ e pathway in pooled norma l hum2 n serilc :
which contained naturally occurring anti—bacterial antibodies.

In summary, the results of our investigation indicated that purified l ip i~
A and LPS activated terminal comp lement components in norma l human or guinea
pig sera equally efficiently, and that there were other heat—stable components
on t h e  b a c t e r i a l  ce l l  s u r f a c e  w i t h  anticomp lenentary a tivity. LPS appeared
to he capab le  of activating the alternative and classical pathways , whe reas
l i p i d  A appeared  to be c apable  of e f f i c i e n t l y a c t i v a t i n g  onl y the  l o s s i c a l  path—
w a i .  This finding is in agreement with the observations of Morrison and Kline
who showed t h at  LI’~- on ’it -r t ed C3 in C2 d e f i c i e n t  human serum , but t h a t  lipid A
did not (51). In addition , the results of t h e  p r e s e n t  i n v e s t i g a t i o n  s u pp o r t
our earlier o b s e r v a t ion s  u s i n g  i n t ac t  h e a t — k i l l e d  c e l l s  of S. m in n e o t a  m u t o t
strains which showed that chemotype S was a more efficient activator of the
alternative pathway than chemotypes Rb or Re (53). Our future stud ie s will he
focused on substantiating the preliminar y observations in this invest i~ atiun
and on d e t e r m i n i n g  the r e q u i r e m e n t  f o r  imxnun og lobu l in  for consumption of toe
c l a s s i c a l  a n d / o r  alternative pathways by purified LPS and li p id A.

4.  In v i t r o  i n t e r a c t i o n  of human polymorphonuclear leukocytes and ‘ r u n
w i t h  s t r a i n s  of C an d i d a  ~ 1b1car~~~~ 

- -

~~~~~

1. Results

In our previous studies , strains of Candida  a lb i cans  i s o l a t e d  froi
burned patient s were shown to be resistant to the bactericidal activity of human
pol ymorphonuclear leukocytes ( P KN s) ,  even in the  presence of excessive concen—
t r a t  ions  of norma l human serum (Annual Summary Report , June , 1977). The
pr e sent  I n v e s t i g a t i o n  was u n d e r t a k e n  to determine if strains of C. albic~ ns
I s o l a t e d  f r o m  bu rned  p a t i e n t s  wer e  u n i q u e  in terms of t h e i r  i n a b i l i t y  to  be
k i l l e d  I n t r a c e l l u l a r l y  by PMNs .

The i n t e r a c t i o n  of human P~~~s and pooled normal human serum (PNHS) with C.
a i h i ca n s  s t r a i n s  i so lat e d  f r o m  burned  patients , medical patients , and other
Sources was compared . S t r a i n s  i sola ted  f r o m  burned p a t i e n t s  were o b t a i n e d  f r o m
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the Shrinerc Burn Institut e , Cincinnati , 0., and were designated CA— V , CA— fl,
CA—l4 , CA—is , CA—S , CA—F , CA—Ke , and CA—Bo. The strains cited above w e r e
isolated from blood (CA— F, CA—Ke) or fr om wound cultures (CA—2 , CA—l3 , CA— 1 4,
CA—l5 , CA—S , and CA—Bo). ç. alblcans strains isolated from medical pat i c o t s
were obt ained from the Central Bacteriology Laboratory of the Cincinnati
General Hospital , Cinc innati , 0. Two of the strains were isolated I r o n  I c l o o d
cultures (CA—W , CA—Ba), and the other strain was isolated f rom cer c’f ,r c l spln ;i l
fluid ( C A — K n ) .  Two additional C. albicans strains were purchased from t h e
American Type Culture Collection (Rockvllle , N d . ) , CA—ATCC 28366 (human mout h
isolate) and CA—ATCC 28121 (stool specimen isolate). Med i cal patient I s o l a t e s ,
ATCC Isolates , and CA—S . CA—F , CA—Ke , and CA—B c) were immediately t r;ino 1 erred
to Sabouraud 2% dextrose broth , incubated at 37°C overnight , and frozen In
small aliquots at —70°C. CA—2 , CA—l3 , CA—l4 , and CA—l5 had been repeated l y
suhcultured prior to being obtained , and after receipt were handled as described
for t h e other isolates. The f rozen cultures were thawed , and (1.2 ml of each
was Inoculated into a tube containing 5 ml of Sabouraud 2% dextrose broth and
I n c u b a t e d  at 37°C overnight.

R e a c t i o n  m i x t u r e s  cons i s t ed  of 5.0 x 106 P~~ s, 1.0 x 106 c. albi car is , and
PNHS ( [0% , 20% , 30% , 40% ) in a final volume of 1 ml of Hank ’s balanced salt
solution (HBSS). HBSS was substituted for the  PMNs, PNHS , or bo th  in the
controls. Reaction mixtures and controls were rotated end over end fur 121)
minutes at 37°C. A liquots were diluted in disti lled water at 0 time , 30 , 60,
and 120 minutes and plated on Sabouraud 2% dextrose agar. The p lates were
incubated at 37°C overn i gh t , and the colonies were enuner;ited . The r e s u lt
are expressed in surviving colony forming units (cfu) per ml.

For two of the strains of C. albicans isolated directly f r o m  burned p i t
(CA—S and CA—F), k i l l i n g  was maximal  by PNHS in the absence of PMN s ( F i g u r e
/,~~~~) .  For the  other two strains (CA—Bo and CA—Ke), k illing was maxima l by PMNs
alone in the absencec of PNHS. Killing of the C. a l bi c a n s  strains is o lat ed f r o m
burn ed  patients and subcultured repeated ly in the laboratory was maxim a l in the
ab senc e of serum or PKNs (CA—2 , CA—l4 , and CA—15) or by PMNs alone (CA—13)
(Figure 43). For two of the three strains of C. albican isolated i ron med i e ; i l
pati ent s , killing was maximal in the absence of P?~fi~s or PNHS (CA-Vs and CA—R:c )
or in the presence of PMNs alone (CA—W) (Figure 44). KIlling of CA—W wa s not
subst i r i t i.ii iy improved by the addition of PNHS. Reduction in counts of all of
the strains described above , except those killed by PNHS alone , was u n d e r  one
log . Addition of PNHS enhanced killing of the ATCC isolates by Pt’fl~ls (Figure 45).
Maxima J reduction in counts of C. albicans strains obtained from the ATCC was
approximately one iog. In addition , direct killing of the st rains by PNH S wa s
equivalent to k i l l i n g  of strains in the presence of HBSS alone.

h.  D t scu~ sio~

C. aibl cans infections are commonly observed in burned pa tients
and other compromised hosts , constituting a significant mortality in this popu—
lation (91—96). WithIn invasive lesions, pseudohyphal and hyphal forms of
Candida are’ more’ prominent than yeast forms (97) and must be cleared if the
host is to survive . Pseudohypha l and iiyphal form s of Candida can be c l ea red  in
at least some systemi c’ inf ec tions in experimental animals (98) and in man (91—
96,99,100). Reprod ucible quantit ative determinations of viable hyphae and pseu—
(l1)h;ypII.Ie’ have been di flicult . Most in vitro studies have concentrated on the
ab i lity of ieukoeytes to ingest and kill yeast forms . Such studies (101—105) as
w e l l  as the  observed c l i n i c a l  associa t ion  of n e u t r o p e n i a  w i t h  d i s s e m i n a t e d
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Figure 42. interaction of pooled normal human serum (PNHS) and P~~s with
strains of C. alblcans isolated directly from burned patients. The
following reaction mixtures were tested : 1) PMN s (W) , C. alblcans
(CA) ;  2) W , CA , PNHS (10% , 20% , 30% , 40%);  3) CA , PNHS (4 0% ) ;  and
4) CA , Hank’ s balanced salt solution (HBSS). The points represent
values of single determinations.
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Figure 44. Interaction of pooled normal human serum (PNHS) and P~~ s with
strains of C. albican s  isolated from medical patients. The follow—
Ing reaction mixte-es were tested : 1) PMN s (W), C. albicans (CA);
2) W, CA , PNHS (10%, 20%, 30%, 40%); 3) CA , PNH S (40%); and 4) CA ,
Hank ’s balanced salt solution (HBSS). The points represent values of
single determinations.
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candidiasis (106) have suggested that neutroph ils are important in host defense
against Candida fungemia . Passive transfer of immune serum has been shown to
give a significant degree of protection against candidiasis in mice (107).
Repea ted attempts to transfer resistance by t ransfer of sensitized lyinphoid
cells gave negative results , even though cutaneous delayed hypersensitivity w.is
transferred by the cells. The results suggested t h a t  cell—mediated immunity
was not of primary importance in murine candidiasis , and that humoral immunity
contributed to protection.

The most recent in vitro study of phagocytosis of c. albicans yeast forms
by PMNs showed that immunoglobulin and the classical and alternative complement
pathways in pooled normal human serum were required (108). In this stud y, —

phagocy tosis was measured with the use of ç. albicans radiolabelled with /3H/
aden ine , and intracellular killing was not determined .

The i n t e r ac t ions  of l eukocytes  wi th  f i l a m e n t o u s  for’n s of fung i may not
necessarily correlate directly with observations on phagocytosis and killing ox
yeast forms (101—5,109) , especially beca use hyphae  and pseudohyphac are too
large to be ingested completely. Diamond et al. have provided evidence for a
new leukocyte mechanism whereby human PMNs partially ingested and damaged C.
all’icans pseudohyphae in the absence of serum (110). Fresh normal human serum
or serum heated at 56°C for 30 minutes enhanced damage of the pseudohyphae. In
a subsequent publication , these investigators showed that the damage to C.
alb icans pseudohyphae by PMN s occurred p r imar i ly  by oxida t ive  mechanisms in-
cluding the production of superoxide and hydrogen peroxide interacting with
myeloperoxidase and halide as well as singlet oxygen (lii).

The results of our investigation provide a new d imension to preexisting
concep ts of resistance to yeast forms of C. albicans. Although our cultures of
C. albi cans were not examined by phase contrast microscopy , it is doubtful that
they contained hyphae or pseudohyphae. Incubation of yeast forms at 37°C for
4 hours in minimal med ium without amino acids is required for germ tube forma-
tion (110). The strains of C. albicans used in our stud y were grown in Sabouraud ’s
dextrose broth and were harvested in stationary phase. In addition , the bac-
tericidal assays were carried out in Hank ’s balanced salt solution utilizing
only a 2 hour incubation period at 37°C. ATCC strains of C. albicans isolated
from normal human flora were phagocytosed and killed intracellularly by human
PMNs in the presence of pooled normal human serum , whereas strains isolated
from medical patients or burned patients were more resistant to the bactericidal
activity of the PMNs. Moreover , repeated subculture of the clinical isolates
did not Increase their ability to be killed by the PMNs. Thus, a divers ity among
strains of C. albicans exists in terms of the ability of PMNs of the host to
e f f e cti vel y elim inate the microorganisms .

It is qui te possible that the clinical isolates of C. albicans used in our
stud y were effectively phagocytosed , but not killed intracellularly by the PNNs.
An al ternative hypothesis is that immune antibodies acting alone or synergistic-
ally with complement components are required for phagocytosis and intracellular
killing of the strains. Our future studies will be directed toward answering
these as yet unressolved questions.
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5. In v i t r o  In t e ra c t i o n  of human po lymorphonuc l ea r  leukocytes , ~‘ornple-
men t , and iu~~iin6g 1 o~~~~~~~~ TtE ~s tr~

i’n~ ~T Bact id’
~ s

a. R e su l t s

In ou r previo us stud ies , indirect evidence  was provided to 1 n d I c ~ite’
th.i t immunoglobulin and alternative complement pathway components were requirt ’d
for opsonizat ion of Bac te ro ide s  fr a ~~111s and Bacteroides theta~ otaornicron (112).
B. 1 ra 1i l is  1365 and B. thetaiotaornicron 1343 were shown to be phagocytosed and
killed intra . t ’llularly by human pol ymorphonuclear leukocytes (PMNs) in the
presenci~ o

f pooled isurma l human serum (PNHS), but not by either PNHS or PMN s
.slone . Neither strain was phagocytosed and killed Intracellularly by Pl’fts in
the presence of hypoganunaglobulinem ic sera or sera depleted of C3 , factors B or
U , or tcrmlnal complement components C3 to C9. The objectives of the present
investigation were as follows: (a) To further assess the requirements for
Immunoglobulin and components of the alternative complement pathway for phago—
cytos is and intracellular killing of the Bacteroides strains by PMNs; (b) to
determine the role of the polysaccharide capsule in host defense against the
Bacteroides strains; (c) to determine if immunog lobulin was required for activa-
tion of the alternative complement pathway or for other steps in the opsonic
process; and (d) to determine the ability of the lipopolysaccharide of B.
f r a gi li s  to a c t i v a t e  the  c lass ical  and a l t e r n a t i v e  comp lement  p a t h w a y s .

Our initial experiments were designed to determine if the opsonic activity
of human sera depleted of immunoglobulin or s p e c i f i c  a l t e r n a t i v e  comp lement
pathway components , factors B or D, could be res tored to_ normal by supp lementing
the sera w i t h  p u r i f i e d  inununoglobulins or f a c t o r s  B and D r e spec t ively .  IgC and
1gM were obtained from normal human serum in purified form by the  method of
Flodin  and Kil l ande r  (113).  The f r a c t io n  con ta in ing  IgC was f u r t h e r  chromato-~
grap hed on DEAE—cel lulos e  (114). By r ad ia l  im m u n o d i f f u s i o n , the  IgG p r e p a r a t i o n
con ta ined  7200 iig/ml of IgC , 120 iig/ml of 1gM , and 590 )Jg/ml of IgA. The 1gM
preparation contained 2000 pg/mi of 1gM ; IgG and IgA were undectable in this
prepara tion. Human factor B was purified by the method of Gotze and Muller-
Eberhard  ( 8 7 ) .  Human f a c t o r  D was purified by repeated chromatography of normal
human serum on Sephadex G-?5. The included frac tions from the second chromatog-
raphy were pooled and concentrated . The factor B preparation migra ted as a single
band on a lkal ine acry lamide d iscon t inuous elec trophoresis at a concen tra tion of
20 pg; the factor ~ prepara tion migrated as multiple bands at this concentration
(115). By rad ial immunodiffuslon , the factor B prepara tion contained 300 pg/mi
of fac tor B. Utilizing the method of Fearon and Austen , the fac tor B and fac tor
D preparations were found to be active and functionall y pure (116). All of the
pur ified Immunog lobulin and complement preparations were dialyzed against 0.01 M
phosphate buffered saline , pH 7.0, pr ior to use.

Dose dependent restoration of the opsonic activity of factor B depleted
norma l human serum {APNHS (50°C , 30 mm .)) by purified human factor B is shown
in Figure 46. Optima l phagocytosis of both Bacteroides strains by ~PNHS (500,
30 mm .) was achieved when the serum was supplemented with a physiologic concen-
trat ion of factor B (300 pg/mI). The opsonic activity of factor D depleted
human serum (RD) was not restored to normal by supplementing the serum with a
physio logic concentration of purified human factor ~~. This finding was not
surprising, since purified human factor D was also not found to be capable of
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restoring the ability of RD to cause lys i s  of gu inea pi g ery throcytes (refer to
section la). Further testing of our RD preparatio~ns has shown that they contain
normal classical complement pathway activity and physiolog ic levels of factor B.
Since our factor D preparations contain functionall y active factor ii , the lack
of restoration of C3 conversion in RD by fac tor D reflects a deficiency of other
proteins in RD which are essential for alternative pathway activation. The
observation that restoration of the opsonic activity of factor B depleted serum
was achieved by purified human factor B indicated that factor B participated in
opson iza t ion  of the Bacteroides strains .

The opsonic a c t i v i t y  of hypogammaglobulinemic serum (HS) for the Bacter o ides
strains was not enhanced by supplementing the serum with physiologic concentra—
tions of purified human IgC (Figure 47). Partial restoration of the opsonic
ac tivity of HS for the Bacteroides strains was achieved by supplementing the
serum with purified human 1gM (Figure 48). These results indicated tha t neither
IgC nor 1gM acted alone to promote phagocytosis of the Bacteroides strains in
the presen ce of comp lement. The opsonic activity of IgA deficient human serum
(IgAdHS) for the Bacteroldes strains was next investigated . The opsonic activ-
ity of IgAdHS and PNHS for both Bacteroides strains was found to be equivalent
(Figure 49). These results Indicated that IgA was not required for phagocytosis
and intracellular killing of the strains by PMNs. The find ing that partial
restoration of the opsonic activity of MS was achieved by supp l emen t ing the serum
with purified human 1gM suggested that synergism between IgG and 1gM might be
required for optimal phagocy tosis and in tracel lular  k il l ing of the Bac tero ides
strains by PMNs.

Our next experiments were designed to determine the role of the polysacchar—
id e capsule in host defense against the Bacteroides strains . Kasper has proposed
tha t capsular polysaccharide contributes to the virulence of B. fragilis by
ac ting as an antiphagocytic agent (61). Our observations that B. ~~~g4lis 1365
and B. thetaiotaomicron 1343 had similar opsonic requirements led us to consider
the possibility tha t both Isolates were encapsulated . This concept or the con-
cept that neither strain was encapsulated might explain why the interaction of
the strains with serum factors and PMNs was identical. Since polysaccharide
capsules cannot be visualized with routine staining techniques , rutheni um red
staining was utilized . Washed cells of B. fra~ilIs 1365 and B. thetalotaomicron
1343 were prepared , fixed , stained , and visualized as described by Kasper (61).
A representative electron micrograph of B. f1~~~ilis 1365 stained with ruthenium
red is shown in F igu re  50. Capsular polysaccharide external to the outer mem-
brane was not observed . However , a thick capsule was observed on B. thetaiota—
omicron 1343 (Figure 51). The observation that B. thetaiotaomicron 1343 was
encapsulated and B. f ralilIs 1365 was not , provided preliminary evidence to
indicate that capsular polysaccharide was not anti—p hagocytic.

It was next of interest to determine if B. Iragilis 1365 and B. t h e t a i o t a—
omicron 1343 used In our studies were representative clinical isolates of B.
fragijis and B. thetajotaornicron in terms of their in v i t r o  interaction with PNHS
anti human PMNs. Cl inical isolates of B. fraAills and B. t he talo taomic ron  were
obtained from the Surgical Bacteriology Laboratory, Surgical Research Unit ,
Cinc Inna t i, 0. and from the American Type Culture Collection , Rockvllle , Md . and
designated SRU and ATCC respec t ively . The ability of PNHS and PMNs to promote
killing of the Racte roides  strains either alone or in combination was determined .
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Figure 48. Opsonlc activity of hypogammaglobulinemic serum (HS) supplemented
with increasing concentrations of purified human 1gM for the
Bacteroldes strains. Reaction mixture s consisted of Pt’O~s (W),b; orla (B), and un’upp)emented MS or MS supplemented with 1gM .
Coi’ ols for the experiment were as follows : 1) V and B; and 2)
pooted norma l human serum (PNHS), W, and B. The points represent
mean values of dup licate determinations , and each vertical bar
represents the standard error of the mean.
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Figure 49. Opsonic activity of IgA deficient human serum (IgAdHS) for the
Bacteroldes strains. Reaction mixtures consisted of I8AdHS , PMNs
(W) , and bacteria (B), or IgAdHS and B alone in the absence of PMNs.
Controls for the experiment were as f o l l ows : 1) V and B; and 2)
pooled norma l human serum (PNHS), W, and B. The points represent
mean values of duplicate determinations , and each vertical bar
represents the standard error of the mean. The asterisks indicate
that the values were obtained from single determinations.
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Figure 50. Electron micrograph of B. fragills 1365 stained with ru thenium red
for visualization of polysaccharide capsule (X 130,000). (Refer
to page 114a for the figure.)
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Figure 51. Electron micrograph of B. thetaiotaomicron 1343 staIned with ru-
thenium red for visualization of polysaccharide capsule (X
130,000). (Refer to page ll5a for the figure.)
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Experimental conditions , serum concentration , and the PMN/bacteria ratio were
identical to those used in the B. fra lis~ 1365 and B. t h et a i o t ao r nlc r on  1343
bactericidal assays. All of the B. f r~~j~1is strains were phagocytosed and
killed intracellularly in the presence of PNHS and PMNs, but not by PMNs alone
(Figure 52). Three of the four strains were also killed to some extent in the
presence of PNHS alone. All of the clinical isolates of B. etai_otaoniic~-prp
as well as a fecal Isolate of B. thetaiotaomicron (ATCC 8492) were killed by
PMN s and PNHS , but not by either PMNs or PNHS alone (Figure 53). These results
indicated that clinical isolates of B. f ra gi l i s  and B. thetaiotaomicron were
phagocytosed and killed intracellularly by PMNs only in the presence of PNHS ;
several B. ~.~~~jlis strains were also sensitive to killing by serum in the
absence of PMNs.

Previous studies have indicated that fecal Isolates of B. f ra g i l is  and B.
thetaiotaomicron were sensitive to killing by serum in the absence of PMNs,
whereas clinical isolates were not (117). Since one fecal isolate of B. theta—
Iotaornicron used in our study was not found to be susceptible to direct killing
by PNHS , it was of interest to determine the in vitro in terac t ion of PM1~s and
PNHS with other fecal isolates of Bacteroides. B. distasonis ATCC 8503 and B.
vullatus ATCC 8482 were not found to be killed by PNHS alone (Figure 54). Both
strains were killed intracellularly by PMNs only in the presence of PNHS.
These results refuted the concept that fecal and clinical isolates of Bacter—
oides differed in terms of their susceptibility to killing by serum in the ab-
sence of PMNs. Since previous studies have shown that neither B. d istasonis
ATCC 8503 nor B. vulgatus ATCC 8482 is encapsulated (6 1) ,  our results also
provided further support for the concept that capsular polysaccharide is not
anti—p hagocytic .

The next objective of our studies was to determine if immunoglobulin was
required for activation of the alternative complement pathway or for other
steps in the opsonic process. Washed bacterial cells of B. fragilis 1365 and
B. thetaiotaornicron 1343 were tested for their ability to initiate C3 conversion
and C3 to C9 consumption in untreated PNHS or MS and in PNHS or HS treated with
10 mM ethy lene glycol tetra—acetic acid (EGTA) and 10 mM MgC 1~ . The ECTA—
treated magnesium supplemented sera were referred to as MgEGTA—PNHS and MgEGTA—
MS respectively. Treatment of the sera with MgECTA was used to block classical
pathway activity as previously described in sections Al , A2 , Cl , and C2 of this
report. Washed cells in saline at final concentrations of 1.0 x l0~ or 1.0 xl010 cells/ml and sera were incubated for 1 hour at 370C. The cells were then
deposited by centrifugation , and residual B antigen of C3 and hemolytic C3 to
C9 were measured and compared to the concentrations of B antigen of C3 and C3 to
C9 in saline treated sera. Inulin , a polyfructose which activates the alterna-
tive pathway in the absence of innnunoglobulin , was included for comparative
purposes. As shown in Table 18, C3 conversion by inulin was equivalent in PNHS ,
MgECTA—PNHS, MS . and MgECTA—HS. In contrast , B. frag ilis 1365 and B. thetaiota—
omicron 1343 converted C3 less efficiently in MgEGTA—PNHS , HS, and MgECTA—HS
than in untreated PNHS. Conversion of C3 by B. thetaiotaomicron 1343 in HS and
MgEGTA—HS was equivalent; C3 conversion was only slightly reduced in MgEGTA—HS
when B. fra&Ilis 1365 was used as the activating substance. These results
indicated that B. fra&ilis 1365 and B. thetaiotaomicron 1343 activated the
classical as well as the alternative complement pathway , and that alternative
pathway activation by the bacterial strains was dependent on minimal or non—
existent amounts of immunoglobulin. Inulin also converted C3 via the alternative
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Figure 52. In yitro interaction of human polymorphonuclear leukocytes (P?O~s)
and pooled normal human serum (PNHS) with clinical isolates of B.
f raj j l i  obtained from the Surgical Bacteriology Laboratory (SRU)
and the American Type Culture Collec t ion (ATCC). Reaction mixtures
were as fol low.: 1) PNHS and bacteria (B); 2) Pl•~4s (W) and B; and -

‘3) PNH S, W, and B. The points represent mean values of duplicate
determinatio ns , and each ver tical bar repre .ents the standard 4
error of the mean.
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Figure 53. In vi tro interaction of human polymorphonuc l ear leukocytes (P~Q~s) and
pooled normal human serum (PNHS) with isolates of B. tj teta1otaom~ Lr c~~
obtained from the Surgical Bacteriology Laboratory (SRU) and the
American Type Culture Collection (ATCC). Al l of the strains were
clinical Isolates , with the exception of ATCC 8492 which was isolated
from human feces. Reac tion mixtures were as follow .: 1) PNHS and
ba(teria (B); 2) Pl•Q~s (W) and B; and 3) PNHS , V , and B. The point.
relIresent mean values of duplicate determinations , and each vertical
bar represents the standard error of the mean.
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Figure 54. In vit r o  interaction of human polymorphonuclear leukocytes (Pl•fl4s)
and pooled normal human serum (PNHS) with fecal isolates of B.
distasonis and 1. vuliatus obtained from the American Type Culture
Collection (ATCC). Reaction mixtures were as follows: 1) PNHS and
bacteria (B); 2) PlO~s (W) and B; and 3) PNH S, W , and B. The points
represent mean values of dup li cate determina t ions , and each vertical
bar represents the standard error of the mean.
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pathway in the presence of minimal iinmunoglobulin; however this activating sub-
stance appeared to activate only the alternative pathway. When washed cells of
B. f r~g~i1is and B. thetalotaornlcron were heat—killed at 100°C for 1 hour ,
their ability to initiate C3 conversion was markedly reduced (Table 18). These
results provided indirect evidence to indicate that outer membrane protein on
the surface of Bacteroldes , destroyed by heat denaturation , might be required
for optimal complement activation.

Identical results were obtained when washed bacterial ce]ls and inulin were
tested for their ability to initiate C3 to C9 consumption in sera depleted of
immunoglobulin and/or classical pathway activity. C3 to C9 consumption by the
bacteria was less efficient in MgECTA—PNHS, US, and MgECTA—HS than in untreated
PNHS , although C3 to C9 consumption by the bacteria in US and MgEGTA—FiS was
equivalent (Table 19). In contrast , C3 to C9 consumption by inulin was equiva-~
lent in PNHS , MgEGTA—PNHS , US, and MgEGTA—MS. These results provided further
support for the concept that B. fra2il i . . s~~~lis 1365 and B. thetaiotaomicron 134 3 ac—
tivated the classical as well as the alternative pathway , whereas inulin a ct-
tiv -ated only the alternative pathway. Moreover , alternative pathway activation
by the bacteria and inulin required minima l inununoglobulin , if any . Thus,
inirnunoglobu l in was required for opsonization of B. fra~~ lis 1365 and B. theta-.
lot aomic ron  1343 primaril y for one or more steps in the opsonic process other
than alternative comp lement pathway activation .

The abili ty of l-Ipopolysaccharide (LPS) prepared from B. f rag i lis  1365 to
activate the alternative complement pathway was next inves t igated . LPS was
prepared  by phenol—water  ex trac t ion and tested prior to and after RNAse treat-
ment as described in section 3c of this report. LPS prior to RNAse treatment
(LPS—l) ini tiated C3 to C9 consumption in PNHS more efficiently than LPS after
RNAse treatment (LPS—2) (Table 20). C3 to C9 consumption in MgEGTA—PNHS by
LPS—l and LPS—2 was markedly reduced . These results indicated that LPS pre-
pared from B. fra~ j 1is 1365 activated the classical as well as the alternative
comp lement pathway.

b. Discussion

From the data  presented in this  inves t iga t ion , several prelim inary
conclusions can be drawn as follows : (a) Immunoglobulin as well as components
of the alternative comp lement pathway were required for phagocytosis and intra—
ceiJu lar killing of B. fragilis 1365 and B. theta io taomlcron  1343 by human Pl*ls;
(b) ni-ithe r IgC nor 1gM acted alone to promote phagocytosis and intracellular
killing of the Bacteroi_d_e~ stra ins by PMNs in the presence of complement; (c)
IgA did not participate in phagocytosis and intracellular killing of the Bact er—
otdes strains by PMNs; (d) Immunoglobulin was not shown to be required for
alternative pa thway activation by the Bacteroides strains , and therefore must
be required for other steps in the opsonic process; (e) encapsulated and non—
encapsulated strains of Bacteroldes interacted identically with PNHS and PMNs
in v i t r o , suggesting that capsular polysaccharide was not a determining factor
in host defense against these microorganisms ; and (1) although the lipopolysac—
eharide of B. fra&ilis was capable of activating the classical as well as the
alternative comp lement pathway, protein or some other heat-labile cell wall
component on the surface of Bacteroidea appeared to be equally if not more
important in Initiating (omplement activation .
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Table 20. c3 to C9 Cons~~~pt Ion bj l4popoi1saccharide çL~ S)
Prepared f r o m  B. f ra4ll ls  1365 in PNHSa and MgECTA-PNHS°

C3 to C9 Consumption (%)C

PNHS MgEGTA—PNHS

I mg/mi~
1 5 mg/mid 1 mg/mi d 5 rng /ml~

Lps_le 55 7J 4 45

LPS—2 1 41 69 29 40

apNHs pooled norma l human serum .

bMgECTA ..PNHS pooled normal human serum treated with
10 mM ECTA and 10 mM MgCl2.

Cvalues of single determinations are presented .

dFinal concentrations of LPS—1 and LPS—2 tested in the
assay system.

eLpS_1 was phenol—water extracted ethanol precipita-
ted LPS prior to RNAse treatment .

~Lps—2 was phenol—water extracted ethanol precipita-
ted LPS after RNAse treatment,
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The observation that neither IgG nor 1gM at physiologic concentrations
restored the opsonic activity of immunoglobulin dep leted serum for B. frag~Il is
and B. thetalotaornlcron suggested that these izmnunoglobulins may act synergis-
tically to promote opsonization. In addition , the observation that the alterna—
tive complement pathway was utilized during the opsonic process does not
exclude participation of the classical complement pathway. Our studies have
shown that washed cells of B. f r a~ jlis and B. thetalotaornicron were capable of
activating both complement pathways when added directl y to serum , and therefore
the classical pathway may also be utilized during opsonization of these micro-
organisms.

Our conclusion that the polysaccharide capsule did not participate in host
defense against Bacteroides was based on the observations that encapsulated B.
thetalotaomicron 1343 and non—encapsulated B, fragilis 1365 had similar opsonic
req uirements and that isolates of B. fra~~~.is , B. thetaiotaomicron , B. vu1j~atus,
and B. dlstasonis did not differ in terms of their in vi tro in terac t ion wi th
human PMNs and PNHS. Kasper has shown that antisera prepared against B. theta—
lotaornicron ATCC 8492 and ATCC 12290, B. vullatus ATCC 8482, and B. distasonis
ATCC 8503 did not contain antibodies to capsular polysaccharide , whereas anti-
sera to B. fra~gjlis ATCC 23745 contained antibodies which were directed against
capsular pol ysaccharlde (61). Moreover , capsular polysaccharlde was demonstra-
ted on the surface of B. fragilis ATCC 23745 by electron microscopy using ru-
thenium red staining. In contrast , Babb and Cumtnins detected capsules by using
India ink staining and phase contrast microscopy on isolates of B. fragj~1is , B.
the taio taom icron , B. vullatus, and B. ovatus, but not on B. distasonis (118).
These investigators also showed that there was no correlation between the presence
of capsular material and virulence. The ATCC isolates of B. fragilis, B. theta—
iotaornlcron , B. distasonis, and B. vulpatus used by Kasper were found in our
study to be phagocytosed and killed Intracellularly by PMNs only in the presence
of PNHS , and not by either PMNs or PNHS alone. If it is verified that only B.
f r agi l is  ATCC 23745 is encapsulated , then our results provide further support to
the concept that capsular polysaccharide of Bacteroldes is not anti—phagocyt ic
and may contribute to virulence by another mechanism.

In our investigation , three clinical isolates of B. fragilib were the only
strains of Bacteroides to be killed to some extent by PNHS in the absence of
PMNs. All of the other strains of Bact_erpides used in our study includ ing fecal
isolates were not sensitive to killing by serum. Our results are therefore not
in agreement with those of Casciato et al. who showed that fecal isola tes of B.
f ra~~ j is  and B. thetaiotaomicron were sensitive to k i l l in g  by serum , whereas
clinic-al isolates of B. frag ilis and B. ~~~~~~~~~~~~~~~~~~ were not (117).

Our results showing that iminunoglobulin was not required for alternative
pathway activation by B. fr~~ ilis and B. thetaiotaomicron are i den t i ca l  to those
obtained with gram—negative aerobic bacilli (refer to section C2). However , the
results on the Bacteroides strains require verification , since only single
determinations were performed . It will also be of considerable interest to
determine the role of immunoglobulin in the opsonic process , since iminunoglobulin
does not appear to be required in large amounts for complement activation .

Further studies on the moiety of Bacteroides responsible for complement
activation are also necessary. Dr . Dennis Kasper had promised to send us capsu-
lar po ly saccha rtde , outer membrane protein , l ipopolysaccharide , and li p id A
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prepared from B. fragilis ATCC 23745; however , his own research efforts with the
reagents did not permit him to do so. Therefore , we have initiated purification
of the cell wall components , and hope to extend the preliminary observations
described in this investigation.

(
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prepared from B. fragilis ATCC 23745; however , his own research efforts with the
reagents did not permit him to do so. Therefore , we have initiated puri.ication
of the cell wall components , and hope to extend the preliminary observations
described in this investigation.
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V. CONC LUS 1~~ S

A. Reduction in C3 conversion in patients with severe thermal injury
was shown to be caused by a deficiency of proteins required for  a l t e rna t ive
comp lement pathway activation, rather  than to an inhibitor of C3 conversion.
No correlatic.~ was demonstrated between this humoral abnormality and the
occurrence , duration, or outcome of septicemi a.

B. Consumption of the classical complement pathway occurred preferentially
prior to and during septicemia in thermally injured patients. Reduction in
classical pathway activity was not demonstrated in non-septic burned patients,
suggesting that this humoral abnormality was predictive of septic enisodes.
Alternative pathway consumption occurred infrequent ly during septicernia and
appeared to result from generation of C3b via consumption of the classical
pathway. Consumption of components of the alternative and/or classical
complement pathway occurring during septicemia did not decrease the opsonic
capacity of the patients ’ sera for their own infecting microorganisms.

C. Multip le abnormalities of the classical and alternative complement
pathways, immunoglobulins, and opsonins were shown to occur following
abdominal trauma, some of which persisted after the first week post trauma.
The hutnoral abnormalities in the abdominal trauma patients were not found
to be related to surgical procedures or to fluid imbalances. Patients who
subsequently developed microbial infections were the only patients who .iad
decreased classical pathway activity that appeared to result from consumption
of components. Reduction in 1gM occurring during the initial post trauma
period was not found to be related to sp lenectomy.

D. A heterogeneity in the requirements for inununoglobulin and the
alternative and classical complement pathways for phagocytosis and intra-
cellular killing of clinical isolates of E, coli, P. mirabilis, K. pneumoniae,
and S. marcescens by human PMNs was demonstrated. Strains isolated from
burned patients did not demonstrate a unique pattern of opsonic requirements,
in comparison to the same species isolated from other sources. The primary
role of ininunoglobulin in the opsonic process was shown to be for steps
other than complement activation.

E. Purified lipid A and LPS were shown to activate terminal complement
components in normal human or guinea pig sera equally efficiently. Other
heat-stable components on the bacterial cell surface also appeared to be
involved in complement activation. LPS was shown to activate the alternative
and classical complement pathways, whereas lipid A activated only the classical

• pathway.

F. Inununog lobulin as well as components of the alternative complement
pathway were shown to be required for phagocytosis and intracellular killing
of B. fragilia and B. thetaiotaoinicron by human PMNs. Neither IgG nor 1gM
acted alone to promote phagocytosis and intracellular killing of B. fragilis
and B. thetaiotaomicron by human PMN s in the presence of complement. IgA
did not participate in phagocytosis and intracellular killing of the Bac-
teroides strains. Inununoglobulin was not shown to be required for alter-
native pathway activation by the Bacteroides strains, and therefore must
be required for other steps in the opsonic process. Encapsulated and non-
encapsulated strains of Bacteroide s interacted identically with PN}LS and
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PMNs in vitro, suggesting that capsular polysaccharide was not a
determining factor in host defense against these microorganisms.
Although the lipopolysaccharide of B, fragilis was shown to be capable
of activating the classical as well as the alternative complement
pathway, protein or some other heat-labile component on the surface
of Bacteroides appeared to be equally if not more important in initiating
complement activation.

C. Strains of C, albicans isolated from norma l human flora were
shown to be phagocytosed and killed intracellularly by human PMN s in the
presence of pooled normal human serum, whereas strains isolated from
burned patients or medical patients were resistant to the bactericidal
activity of the PMN s.
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